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CLAIMS: 



What is claimed is: 

1. A kit comprising, in suitable container means: 

(a) a first pharmaceutical composition comprising a biological agent capable of 
inducing the expression of an inducible marker in the intratumoral vasculature or 
stroma of a vascularized tumor; and 

(b) a second pharmaceutical composition comprising a binding ligand that 
comprises a first binding region that binds to said inducible marker of 
intratumoral vasculature or stroma; the first binding region operatively linked 
to a coagulation factor or a second binding region that binds to a coagulation 
factor . 

2. The kit of claim 1, wherein said first pharmaceutical composition comprises a 
biological agent capable of inducing the expression of a cytokine -inducible 
marker in the intratumoral vasculature or stroma of a vascularized tumor. 

3. The kit of claim 1, wherein said first pharmaceutical composition comprises a 
biological agent capable of inducing the expression of a coagulant -inducible 
marker in the intratumoral vasculature or stroma of a vascularized tumor. 

4. The kit of claim 1, wherein said first pharmaceutical composition comprises a 
biological agent capable of inducing the expression of an inducible marker in the 
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intratumoral stroma of a vascularized tumor. 

5. The kit of claim 1, wherein said first pharmaceutical composition comprises a 
biological agent capable of inducing the expression of an inducible marker in the 
intratumoral vasculature of a vascularized tumor. 

6. The kit of claim 5, wherein said first pharmaceutical composition comprises a 
bispecific antibody that binds to an activating antigen on the cell surface of a 
leukocyte cell and to a tumor antigen on the cell surface of a tumor cell, the 
bispecific antibody being effective to induce the expression of a cytokine by a 
leukocyte cell in a vascularized tumor. 

7. The kit of claim 6, wherein said first pharmaceutical composition comprises a 
bispecific antibody that binds to the tumor cell antigen pl85 . sup.HER2 , milk 
mucin core protein, TAG-72, Lewis a, carcinoembryonic antigen (CEA) or a 
tumor-associated antigen that binds to an antibody selected from the group 
consisting of B3 (ATCC HB 10573), 260F9 (ATCC HB 8488), D612 (ATCC HB 9796) and 
KSl/4, said KSl/4 antibody obtained from a cell comprising the vectors pGKC2310 
(NRRL B-18356) and pG2A52 (NRRL B-18357) . 

8. The kit of claim 6, wherein said first pharmaceutical composition comprises a 
bispecific antibody that binds to an activating.. antigen on the cell surface of a 
monocyte, macrophage, mast cell, helper T cell, CD8 -positive T cell or NK cell. 

9. The kit of claim 6, wherein said first pharmaceutical composition comprises a 
bispecific antibody that binds to the activating antigen CD2 , CD3, CD14, CD16 
(FcR for IgE) , CD28 or the T cell receptor antigen. 

10. The kit of claim 6, wherein said first pharmaceutical composition comprises a 
bispecific antibody that induces the expression of the cytokine IL-1, 

TNF-. alpha., IFN- . gamma., IL-4 or TNF-.beta. by said leukocyte cell. 

11. The kit of claim 6, wherein said second pharmaceutical composition comprises 
a binding ligand that comprises a first binding region that binds to the 
cytokine-inducible marker VCAM-1, E-selectin, endoglin, ICAM-1 or an MHC Class II 
antigen. 

12. The kit of claim 6, wherein said first pharmaceutical composition comprises a 
bispecific antibody that binds to the activating antigen CD14 and induces the 
expression of IL-1 by monocyte /macrophage cells. 

13. The kit of claim 12, wherein said first pharmaceutical composition comprises 
a bispecific antibody that binds to the activating antigen CD14 and to the 
tumor-associated antigen that binds to the antibody KSl/4, said KSl/4 antibody 
obtained from a cell comprising the vectors pGKC2310 (NRRL B-18356) and pG2A52 
(NRRL B-18357) . 

14. The kit of claim 12, wherein said second pharmaceutical composition comprises 
a binding ligand that comprises a first binding region that binds to the 
cytokine- inducible marker VCAM-1. 

15. The kit of claim 12, wherein said second pharmaceutical composition comprises 
a binding ligand that comprises a first binding region that binds to the 
cytokine -inducible marker E-selectin. 

16. The kit of claim 12, wherein said second pharmaceutical composition comprises 
a binding ligand that comprises a first binding region that binds to the 
cytokine -inducible marker endoglin. 

17. The kit of claim 6, wherein said first pharmaceutical composition comprises a 
bispecific antibody that binds to CD28 and induces the expression of IFN- . gamma, 
by T cells . 

18. The kit of claim 17, wherein said second pharmaceutical composition comprises 
a binding ligand that comprises a first binding region that binds to the 
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' * cytokine -inducible marker, an MHC Class II antigen. 

19 The kit of claim 18, further comprising a third pharmaceutical composition 
comprising an agent capable of suppressing MHC Class II antigen expression in the 
vascular endothelial cells of normal tissues. 

20. The kit of claim 19, wherein said third pharmaceutical composition comprises 
a cyclosporin. 

21. The kit of claim 5, wherein said first pharmaceutical composition comprises 
an antibody comprising a first binding region that binds to a tumor cell, a 
component of tumor vasculature or a component of tumor stroma, the first binding 
region operatively linked to a coagulation factor or a second binding region that 
binds to a coagulation factor; said antibody being effective to induce thrombin 
deposition within a tumor. 

22. The kit of claim 21, wherein said first pharmaceutical composition comprises 
an antibody comprising a first binding region that binds to a tumor cell. 

23. The kit of claim 22, wherein said first pharmaceutical composition comprises 
an antibody comprising a first binding region that binds to the tumor cell 
antigen pi 8 5 . sup . HER2 , milk mucin core protein, TAG-72, Lewis a, carcinoembryomc 
antiqen (CEA) or a tumor-associated antigen that binds to an antibody selected 
from the group consisting of B3 (ATCC HB 10573), 260F9 (ATCC HB 8488), D612 (ATCC 
HB 9796) and KSl/4, said KSl/4 antibody obtained from a cell comprising the 
vectors pGKC2310 (NRRL B-18356) and pG2A52 (NRRL B-18357) . 

24. The kit of claim 21, wherein said first pharmaceutical composition comprises 
an* antibody comprising a first binding region that binds to a component of tumor 
stroma . 

25. The kit of claim 24, wherein said first pharmaceutical composition comprises 
an antibody comprising a first binding region that binds to a tumor-associated 
basement membrane component . 

26 The kit of claim 24, wherein said first pharmaceutical composition comprises 
an' antibody comprising a first binding region that binds to VEGF within the tumor 
stroma. 

27. The kit of claim 21, wherein said first pharmaceutical composition comprises 
an antibody comprising a first binding region that binds to a component of tumor 
vasculature . 

28. The kit of claim 27, wherein said first pharmaceutical composition comprises 
an antibody comprising a first binding region that binds to a component expressed 
by a tumor vascular endothelial cell. 

29. The kit of claim 28, wherein said first pharmaceutical composition comprises 
an" antibody comprising a first binding region that binds to VCAM-1, E-selectin, 
P-selectin, a VEGF receptor or endoglin. 

30. The kit of claim 27, wherein said first pharmaceutical composition comprises 
an antibody comprising a first binding region that binds to a ligand or growth 
factor that binds to a tumor vasculature cell surface receptor. 

31. The kit of claim 30, wherein said first pharmaceutical composition comprises 
an antibody comprising a first binding region that binds to VEGF or FGF. 

32. The kit of claim 27, wherein said first pharmaceutical composition comprises 
an antibody comprising a first binding region that binds to a ligand: receptor 
complex or a growth factor : receptor complex, but does not bind to the ligand or 
growth factor or to the receptor when the ligand or growth factor or the receptor 
is not in the ligand: receptor or the growth factor : receptor complex. 

33. The kit of claim 21, wherein said first pharmaceutical composition comprises 



3 of 10 



8/19/03 4:31 PM 



Record Display Form 



http://westbrs:8002/bin/gate.e^ 



an antibody comprising a first binding region operatively linked to a coagulation 
factor . 

34. The kit of claim 21, wherein said first pharmaceutical composition comprises 
an antibody comprising a first binding region operatively linked to a second 
binding region that binds to a coagulation factor. 

35. The kit of claim 21, wherein the coagulation factor in said first 
pharmaceutical composition is Tissue Factor, a Tissue Factor derivative, 
prothrombin, Factor Vll/VIIa, Factor IX/IXa, Factor X/Xa, Factor Xl/XIa or 
Russell's viper venom Factor X activator. 

36. The kit of claim 21, wherein said second pharmaceutical composition comprises 
a binding ligand that comprises a first binding region that binds to the 
coagulant -inducible marker E-selectin, P-selectin, PDGF or ICAM-1. 

37. The kit of claim 36, wherein said second pharmaceutical composition comprises 
a binding ligand that comprises a first binding region that binds to the 
coagulant -inducible marker E-selectin. 

38. The kit of claim 36, wherein said second pharmaceutical composition comprises 
a binding ligand that comprises a first binding region that binds to the 
coagulant -inducible marker P-selectin. 

39. The kit of claim 1, wherein said second pharmaceutical composition comprises 
a binding ligand that comprises a first binding region operatively linked to a 
coagulation factor. 

40. The kit of claim 1, wherein said second pharmaceutical composition comprises 
a binding ligand that comprises a first binding region operatively linked to a 
second binding region that binds to a coagulation factor. 

41. The kit of claim 1, wherein the coagulation factor in said second 
pharmaceutical composition is Factor Il/IIa, Factor Vll/VIIa, Factor IX/IXa, 
Factor X/Xa, a vitamin K-dependent coagulation factor that lacks the Gla 
modification, Tissue Factor, a truncated Tissue Factor, a mutant Tissue Factor, a 
dimeric Tissue Factor-, Russell's viper venom Factor X activator, thromboxane 

A. sub. 2 or . alpha . 2 -antiplasmin. 

42. The kit of claim 41, wherein the coagulation factor in said second 
pharmaceutical composition is Tissue Factor, a truncated Tissue Factor, a mutant 
Tissue Factor deficient in the ability to activate Factor VII or a dimeric Tissue 
Factor . 

43. The kit of claim 1, further comprising an anti -tumor cell 
antibody-therapeuticagent conjugate . 

44. A kit comprising, in suitable container means: 

(a) a first pharmaceutical composition comprising a biological agent capable of 
inducing the expression of an inducible marker in the intratumoral vasculature of 
a vascularized tumor; and 

(b) a second pharmaceutical composition comprising a binding ligand that 
comprises a first binding region that binds to said inducible marker of 
intratumoral vasculature; the first binding region operatively linked to a 
coagulation factor or a second binding region that binds to a coagulation factor. 

45. The kit of claim 44, comprising: 

(a) a first pharmaceutical composition comprising a bispecific antibody capable 
of inducing the expression of a cytokine-inducible marker in the intratumoral 
vasculature of a vascularized tumor, the bispecific antibody binding to a tumor 
cell surface antigen and to a leukocyte cell surface activation antigen and being 
effective to induce cytokine expression by a leukocyte cell; and 
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(b) a second pharmaceutical composition comprising a binding ligand that 
comprises a first binding region that binds to said cytokine- inducible marker of 
intratumoral vasculature; the first binding region operatively linked to a 
coagulation factor or a second binding region that binds to a coagulation factor. 

46. The kit of claim 44, comprising: 

(a) a first pharmaceutical composition comprising an antibody capable of inducing 
the expression of a coagulant -inducible marker in the intratumoral vasculature of 
a vascularized tumor, the antibody binding to a tumor cell, tumor stroma or tumor 
vascular antigen and to a coagulation factor and being effective to induce 
thrombin deposition within a tumor; and 

(b) a second pharmaceutical composition comprising a binding ligand that 
comprises a first binding region that binds to said coagulant -inducible marker of 
intratumoral vasculature; the first binding region operatively linked to a 
coagulation factor or a second binding region that binds to a coagulation factor. 

47. A kit comprising, in suitable container means: 

(a) a first pharmaceutical composition comprising a first antibody that comprises 
a first binding region that binds to a component of the intratumoral vasculature 
or stroma of a vascularized tumor, the first binding region operatively linked to 
a coagulation factor or a second binding region that binds to a coagulation 
factor; and 

(b) a second pharmaceutical composition comprising a second antibody comprising a 
distinct first binding region that binds to a distinct component of the 
intratumoral vasculature or stroma of a vascularized tumor, the distinct first 
binding region operatively linked to a coagulation factor or a second binding 
region that binds to a coagulation factor. 

48. The kit of claim 47, wherein said first or second pharmaceutical compositions 
comprise an antibody comprising a first binding region that binds to VCAM-1, 
E-selectin, endoglin, ICAM-1, an MHC Class II antigen, VEGF or FGF. 

49. The kit of claim 47, wherein said first pharmaceutical composition comprises 
an ant i -VEGF -Tissue Factor antibody; and wherein said second pharmaceutical 
composition comprises an anti -VCAM-1 -Tissue Factor antibody or an 
anti-E-selectin-Tissue Factor antibody. 

50. A method for treating an animal having a vascularized tumor, the method 
comprising the steps of : 

(a) introducing into the bloodstream of the animal a first pharmaceutical 
composition comprising a biological agent effective to induce the expression of 
an inducible marker in the intratumoral vasculature or stroma of a vascularized 
tumor; and 

(b) introducing into the bloodstream of the animal a biologically effective 
amount of a second pharmaceutical composition comprising a binding ligand that 
comprises a first binding region that binds to said inducible marker of 
intratumoral vasculature or stroma; the first binding region operatively linked 
to a coagulation factor or a second binding region that binds to a coagulation 
factor. 

51. The method of claim 50, wherein said first pharmaceutical composition 
comprises a biological agent effective to induce the expression of a 
cytokine-inducible marker in the intratumoral vasculature or stroma of a 
vascularized tumor. 

52. The method of claim 50, wherein said first pharmaceutical composition 
comprises a biological agent effective to induce the expression of a 
coagulant -inducible marker in the intratumoral vasculature or stroma of a 
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vascularized tumor. 

53. The method of claim 50, wherein said first pharmaceutical composition 
comprises a biological agent effective to induce the expression of an inducible 
marker in the intratumoral stroma of a vascularized tumor. 

54. The method of claim 50, wherein said first pharmaceutical composition 
comprises a biological agent effective to induce the expression of an inducible 
marker in the intratumoral vasculature of a vascularized tumor. 

55. The method of claim 54, wherein said first pharmaceutical composition 
comprises a bispecific antibody that binds to an activating antigen on the cell 
surface of a leukocyte cell and to a tumor antigen on the cell surface of a tumor 
cell, the bispecific antibody being effective to induce the expression of a 
cytokine by a leukocyte cell in said vascularized tumor. 

56. The method of claim 55, wherein said first pharmaceutical composition 
comprises a bispecific antibody that binds to the tumor cell antigen 

pl85 . sup.HER2, milk mucin core protein, TAG-72, Lewis a, carcinoembryonic antigen 
(CEA) or a tumor-associated antigen that binds to an antibody selected from the 
group consisting of B3 (ATCC HB 10573), 260F9 (ATCC HB 8488), D612 (ATCC HB 9796) 
and KS1/4, said KSl/4 antibody obtained from a cell comprising the vectors 
pGKC2310 (NRRL B-18356) and pG2A52 (NRRL B-18357) . 

57. The method of claim 55, wherein said first pharmaceutical composition 
comprises a bispecific antibody that binds to an activating antigen on the cell 
surface of a monocyte, macrophage, mast cell, helper T cell, CD8 -positive T cell 
or NK cell. 

58. The method of claim 55, wherein said first pharmaceutical composition 
comprises a bispecific antibody that binds to the activating antigen CD2, CD3 , 
CD14, CD16 (FcR for IgE) , CD28 or the T cell receptor antigen. 

59. The method of claim 55, wherein said first pharmaceutical composition 
comprises a bispecific antibody that induces the expression of the cytokine IL-1, 
TNF-. alpha., IFN-. gamma., IL-4 or TNF-.beta. by said leukocyte cell. 

60. The method of claim 55, wherein said second pharmaceutical composition 
comprises a binding ligand that comprises a first binding region that binds to 
the cytokine-inducible marker VCAM-1, E-selectin, endoglin, ICAM-1 or an MHC 
Class II antigen. 

61. The method of claim 55, wherein said first pharmaceutical composition 
comprises a bispecific antibody that binds to the activating antigen CD14 and 
induces the expression of IL-1 by monocyte/macrophage cells. 

62. The method of claim 61, wherein said first pharmaceutical composition 
comprises a bispecific antibody that binds to the activating antigen CD14 and to 
the tumor-associated antigen that binds to the antibody KSl/4, said KSl/4 
antibody obtained from a cell comprising the vectors pGKC2310 (NRRL B-18356) and 
pG2A52 (NRRL B-18357) . 

63. The method of claim 61, wherein said second pharmaceutical composition 
comprises a binding ligand that comprises a first binding region that binds to 
the cytokine -inducible marker VCAM-1. 

64. The method of claim 61, wherein said second pharmaceutical composition 
comprises a binding ligand that comprises a first binding region that binds to 
the cytokine -inducible marker E-selectin. 

65. The method of claim 61, wherein said second pharmaceutical composition 
comprises a binding ligand that comprises a first binding region that binds to 
the cytokine -inducible marker endoglin. 

66. The method of claim 55, wherein said first pharmaceutical composition 
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comprises a bispecific antibody that binds to CD2 8 and induces the expression of 
IFN-. gamma, by T cells. 

67. The method of claim 66, wherein said second pharmaceutical composition 
comprises a binding ligand that comprises a first binding region that binds to 
the cytokine -inducible marker, an MHC Class II antigen. 

68. The method of claim 66, wherein MHC Class II molecule expression by 
endothelial cells in the normal tissues of the animal is suppressed by 
cyclosporin administration, and MHC Class II molecule expression by endothelial 
cells in the intratumoral vasculature is induced by administration of said first 
pharmaceutical composition. 

69. The method of claim 54, wherein said first pharmaceutical composition 
comprises an antibody comprising a first binding region that binds to a tumor 
cell, a component of tumor vasculature or a component of tumor stroma, the^ first 
binding region operatively linked to a coagulation factor or a second binding 
region that binds to a coagulation factor; said antibody being effective to 
induce thrombin deposition within a tumor. 

70. The method of claim 69, wherein said first pharmaceutical composition 
comprises an antibody comprising a first binding region that binds to a tumor 
cell. 

71. The method of claim 70, wherein said first pharmaceutical composition 
comprises an antibody comprising a first binding region that binds to the tumor 
cell antigen pi 8 5 . sup . HER2 , milk mucin core protein, TAG-72, Lewis a, 
carcinoembryonic antigen (CEA) or a tumor-associated antigen that binds to an 
antibody selected from the group consisting of B3 (ATCC HB 10573), 260F9 (ATCC HB 
8488), D612 (ATCC HB 9796) and KSl/4, said KSl/4 antibody obtained from a cell 
comprising the vectors pGKC2310 (NRRL B- 18356) and pG2A52 (NRRL B- 18 3 57) . 

72. The method of claim 69, wherein said first pharmaceutical composition 
comprises an antibody comprising a first binding region that binds to a component 
of tumor stroma. 

73. The method of claim 72, wherein said first pharmaceutical composition 
comprises an antibody comprising a first binding region that binds to a 
tumor-associated basement membrane component. 

74. The method of claim 72, wherein said first pharmaceutical composition , 
comprises an antibody comprising a first binding region that binds to VEGF within 
the tumor stroma. 

75. The method of claim 69, wherein said first pharmaceutical composition 
comprises an antibody comprising a first binding region that binds to a component 
of tumor vasculature. 

76. The method of claim 75, wherein said first pharmaceutical composition 
comprises an antibody comprising a first binding region that binds to a component 
expressed by a tumor vascular endothelial cell. 

77. The method of claim 76, wherein said first pharmaceutical composition 
comprises an antibody comprising a first binding region that binds to VCAM-1, 
E-selectin, P-selectin, a VEGF receptor or endoglin. 

78. The method of claim 75, wherein said first pharmaceutical composition 
comprises an antibody comprising a first binding region that binds to a ligand or 
growth factor that binds to a tumor vascular endothelial cell surface receptor. 

79. The method of claim 78, wherein said first pharmaceutical composition 
comprises an antibody comprising a first binding region that binds to VEGF or 
FGF. 

80. The method of claim 75, wherein said first pharmaceutical composition 
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comprises an antibody comprising a first binding region that binds to a 

ligand: receptor complex or a growth factor : receptor complex, but does not bind to 

the ligand or growth factor or to the receptor when the ligand or growth factor 

or the receptor is not in the ligand: receptor or the growth factor : receptor - 

complex. 

81. The method of claim 69, wherein said first pharmaceutical composition 
comprises an antibody comprising a first binding region operatively linked to a 
coagulation factor. 

82. The method of claim 69, wherein said first pharmaceutical composition 
comprises an antibody comprising a first binding region operatively linked to a 
second binding region that binds to a coagulation factor. 

83. The method of claim 69, wherein the coagulation factor in said first 
pharmaceutical composition is Tissue Factor, a Tissue Factor derivative, 
prothrombin, Factor Vll/VIIa, Factor IX/IXa, Factor X/Xa, Factor Xl/XIa or 
Russell's viper venom Factor X activator. 

84. The method of claim 69, wherein said second pharmaceutical composition 
comprises a binding ligand that comprises a first binding region that binds to 
the coagulant -inducible marker E-selectin, P-selectin, PDGF or ICAM-1. 

85. The method of claim 84, wherein said second pharmaceutical composition 
comprises a binding ligand that comprises a first binding region that binds to 
the coagulant -inducible marker E-selectin. 

86. The method of claim 84, wherein said second pharmaceutical composition 
comprises a binding ligand that comprises a first binding region that binds to 
the coagulant -inducible marker P-selectin. 

87. The method of claim 50, wherein said second pharmaceutical composition 
comprises a binding ligand that comprises a first binding region operatively 
linked to a coagulation factor. 

88. The method of claim 50, wherein said second pharmaceutical composition 
comprises a binding ligand that comprises a first binding region operatively 
linked to a second binding region that binds to a coagulation factor. 

89. The method of claim 50, wherein the coagulation factor in said second 
pharmaceutical composition is Factor Il/IIa, Factor Vll/VIIa, Factor IX/IXa, 
Factor X/Xa, a vitamin K-dependent coagulation factor that lacks the Gla 
modification, Tissue Factor, a truncated Tissue Factor, a mutant Tissue Factor, a 
dimeric Tissue Factor, Russell's viper venom Factor X activator, thromboxane 

A. sub. 2 or . alpha . 2-antiplasmin. 

90. The method of claim 89, wherein the coagulation factor in said second 
pharmaceutical composition is Tissue Factor, a truncated Tissue Factor, a mutant 
Tissue Factor deficient in the ability to activate Factor VII or a dimeric Tissue 
Factor. 

91. The method of claim 50, further comprising administering to said animal an 
anti-tumor cell antibody- therapeuticagent conjugate. 

92. The method of claim 50, wherein the animal is a human cancer patient. 

93. A method for treating an animal having a vascularized tumor, the method 
comprising the steps of: 

(a) introducing into the bloodstream of the animal a first pharmaceutical 
composition comprising a biological agent effective to induce the expression of 
an inducible marker in the intratumoral vasculature of a vascularized tumor; and 

(b) introducing into the bloodstream of the animal a biologically effective 
amount of a second pharmaceutical composition comprising a binding ligand that 
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comprises a first binding region that binds to said inducible marker of 
intratumoral vasculature; the first binding region operatively linked to a 
coagulation factor or a second binding region that binds to a coagulation factor. 

94. The method of claim 93, comprising the steps of: 

(a) introducing into the bloodstream of the animal a first bispecific antibody, 
said bispecific antibody binding to both an activating antigen on the cell 
surface of a leukocyte and to a tumor cell surface antigen, the bispecific 
antibody being effective to induce the expression of a cytokine by leukocytes in 
the tumor; and 

(b) introducing into the animal's bloodstream a biologically effective amount of 
a second antibody operatively linked to a coagulation factor or a second binding 
region that binds a coagulation factor, the second antibody binding to an antigen 
that is induced on the surface of intratumoral blood vessels of the vascularized 
tumor by said cytokine . 

95. The method of claim 93, comprising the steps of: 

(a) introducing into the bloodstream of the animal a first antibody, said 
antibody binding to a coagulation factor and to a tumor cell, tumor stroma or 
tumor vascular antigen of the tumor, the antibody being effective to induce the 
deposition of thrombin within the tumor; and 

(b) introducing into the animal's bloodstream a biologically effective amount of 
a second antibody operatively linked to a coagulation factor or a second binding 
region that binds a coagulation factor, the second antibody binding to an antigen 
that is induced on the surface of intratumoral blood vessels of the vascularized 
tumor by the thrombin deposition. 

96. A method for treating an animal having a vascularized tumor, the method 
comprising the steps of: 

(a) introducing into the bloodstream of the animal a first antibody that 
comprises a first binding region that binds to a component of the intratumoral 
vasculature or stroma of a vascularized tumor, the first binding region 
operatively linked to a coagulation factor or a second binding region that binds 
to a coagulation factor; and 

(b) introducing into the bloodstream of the animal a second antibody comprising a 
distinct first binding region that binds to a distinct component of the 
intratumoral vasculature or stroma of a vascularized tumor, the distinct first 
binding region operatively linked to a coagulation factor or a second binding 
region that binds to a coagulation factor. 

97. The method of claim 96, wherein said first or second antibody comprises a 
first binding region that binds to VCAM-1, E-selectin, endoglin, ICAM-1, an MHC 
Class II antigen, VEGF or FGF . 

98. The method of claim 96, wherein said first antibody is an anti-VEGF-Tissue 
Factor antibody; and wherein said second antibody is an anti -VCAM-1 -Tissue Factor 
antibody or an anti-E-selectin-Tissue Factor antibody. 

99. A method for treating an animal having a vascularized tumor, the method 
comprising the steps of: 

(a) administering to said animal a biological agent effective to suppress the 
expression of MHC Class II molecules by endothelial cells in the normal tissues 
of the animal; 

(b) administering to said animal a biological agent effective to induce the 
specific expression of MHC Class II molecules in the intratumoral vasculature of 
the vascularized tumor; and 
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(c) administering to said animal an antibody that binds to the induced MHC Class 
II molecules, thl antibody linked to a coagulation factor or a second binding 
region that binds a coagulation factor. 

100. The method of claim 99, wherein: 

(a) the agent that suppresses MHC Class II molecule expression in the normal 

tissues is a cyclosporin; and 

(b) the agent that induces MHC Class II molecule expression in the intratumoral 
vasculature of the vascularized tumor is a bispecific antibody that bind, to a 
tumor cell antigen and to CD28 on the cell surface of a T cell, and induces 
IFN-. gamma, expression by said T cell. 

101. The method of claim 99, wherein: 

(a) the agent that suppresses MHC Class II molecule expression in the normal 
tissues is an anti-CD4 antibody that suppresses IFN-. gamma, production by the T 

cells of the animal; and 

(b) the agent that induces MHC Class II molecule expression in the intratumoral 
vasculature of the vascularized tumor is an IFN- .gamma. -producing T cell clone 
that binds to a tumor antigen of the vascularized tumor. 

102. The method of claim 101, wherein the IFN- .gamma . -producing T cell clone is 
prepared by a method comprising the steps of: 

(a) removing a tissue section from the vascularized tumor of the animal; 

(b) extracting infiltrating leukocytes from the tissue section; and 

(c) expanding the infiltrating leukocytes in vitro to provide the IFN- . gamma, 
producing clone. 
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Different fibronectin (FN) isoforms are generated by the 
alternative splicing of 3 regions (ED-A, ED-B and IIICS) of the 
primary transcript. The FN isoform containing the ED-B se- 
quence, a complete type-lll-homology repeat, while having 
extremely restricted distribution in normal adult tissues, re- 
veals high expression in fetal and tumor tissues. Using the 
monoclonal antibody (MAb) BC-I, specific for the FN isoform 
containing the ED-B sequence (B + • FN), we demonstrate here, 
using immunohistochemical techniques, that while this FN 
isoform is undetectable in mature vessels, it is highly expressed 
during angiogenesis both in neoplastic and in normal tissues, as 
in the case of the functional layer of endometrium during the 
proliferative phase. B + • FN is thus a marker for the formation of 
new vessels, and the BC-I MAb. may be a useful reagent for 
evaluating the level of the angiogenetic process in different 
neoplasms. 
© 1994 Wiley-Liss, Inc. 

Fibronectins (FNs) are high-molecular-mass adhesive glyco- 
proteins present in the extracellular matrix and in body fluids. 
These molecules are involved in various biological phenom- 
ena, such as the establishment and maintenance of normal cell 
morphology, cell migration, hemostasis and thrombosis, wound 
healing and oncogenic transformation (Alitalo and Vaheri, 
1982; Ruoslahti, 1988; Yamada, 1983). 

FN polymorphism is due to alternative splicing patterns in 3 
regions (IIICS, ED-A and ED-B) of the single FN primary 
transcript (Fig. 1) (Hynes, 1985; Zardi et al, 1987), as well as to 
post-translational modifications. The alternative splicing of the 
FN pre-mRNA is developmentally regulated and cell-type 
specific (Carnemolla et al, 1989 ffrench-Constant and Hynes, 
1989; Kornblihtt et al, 1984; Norton and Hynes, 1987; Oyama 
et al, 1989; Vartio et al, 1987). Furthermore, it has been 
demonstrated that the splicing pattern of FN pre-mRNA is 
de-regulated in transformed cells and in malignancies (Zardi et 
al, 1987; Carnemolla etal, 1989; Vartio et al, 1987; Borsiera/., 
1987; Castellani et al, 1986; Oyama et al, 1989, 1990). In fact, 
the FN isoforms containing the IIICS, ED-A and ED-B 
sequences are expressed to a greater degree in transformed 
human cells and in tumor tissues than in their normal 
counterparts. In particular, as established immunohistochemi- 
cally using the BC-1 MAb specific for the FN isoform contain- 
ing the ED-B sequence (B + * FN), while this isoform is 
undetectable in normal adult tissues, with some very rare 
exceptions, it shows much greater expression in the extracellu- 
lar matrix of fetal and tumor tissues (Carnemolla et al, 1989). 
We have therefore named the ED-B sequence "oncofetal 
domain". 

The ED-B sequence is a complete type-III-homo!ogy repeat 
composed of 91 amino acids, is coded for by a single exon and 
is the most conserved FN region, with 100% and 96% 
homology with rat and chicken FN respectively (Zardi et al, 
1987; Norton and Hynes, 1987). This could indicate either a 
more recent evolution of the ED-B sequence, with less time to 
diverge, or a more stringent requirement due to some un- 
known function(s) performed by this sequence. 



Using a MAb (BC-1) specific for the B + * FN isoform, we 
show immunohistochemical ly that this FN isoform is undetect- 
able in mature vessels, while it is present during angiogenetic 
processes both in neoplastic and in normal tissues. 

material and methods 

Tissues 

Normal and neoplastic tissues were obtained from samples 
taken during the course of therapeutic surgical procedures. 
The samples investigated included 47 tumors of the meninges, 
33 glioblastomas and anaplastic astrocytomas; 10 low-grade 
astrocytomas, 3 ependymomas, 2 breast intraductal papillomas 
and 5 endometria. Each sample was divided into 2 parts: one 
was processed for conventional histopathological diagnosis 
and the other was immediately frozen in liquid nitrogen. 
Cryostat sections 5 u-m thick were stained with hematoxylin- 
eosin, and additional frozen sections were used for immunohis- 
tochemical staining after fixation in absolute cold acetone for 
10 min. To prevent the heterogeneous distribution of TN 
within the tissues from giving false-negative results, at least 3 
non-consecutive sections of the biopsy were analyzed. Astro- 
cytic tumors were graded and meninges tumors were classified 
according to Kleihues et al. (1993). 

Monoclonal antibodies (MAbs) 

The MAbs used were BC-1, which recognizes the B + * FN 
isoform; IST-6, which recognizes only fibronectin molecules 
without the ED-B sequence (B~ * FN); and IST-4, which is 
specific for all FN isoforms. The characterization of these 
antibodies has been reported by Carnemolla et al. (1989, 1992). 
The anti-human Von-Willebrand-factor MAb (Dako-Factor 
VIII) and the MAb specific for proliferating cells, KI-67, were 
purchased from Dako (Carpenteria, CA). The MAb anti-a- 
smooth-muscle-actin (ot-sml) (Skalli et al, 1986) was a kind 
gift from Drs. Chaponnier and Gabbiani (Department of 
Pathology, University of Geneva, Switzerland). 

Immunohistochemical procedures 

For immunohistochemical studies, 5-u,m-thick cryostat sec- 
tions were air-dried and fixed in cold acetone for 10 min. 
Immunostaining was performed using a streptavidin-biotin- 
alkaline-phosphatase-complex staining kit (Bio-Spa Division, 
Milan, Italy) and naphtoI-AS-MX-phosphate and Fast-Red 
TR (Sigma, St. Louis, MO) to visualize binding sites. GilFs 
hematoxylin was used as a counterstain, followed by mounting 
in glycergel (Dako). 

Double-staining experiments were performed according to : „ 
Sternberger and Shirley (1979). The first reaction sequence 
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Figure 1 - - Model of the domain structure of a sub-unit of human fibronectin. The oncofetal domain ED-B is indicated. The figure 
also Sates theimc ^^nal homologies, the 3 sites of alternative splicing (ED-B, ED-A and IIICS), the major macromolecules interacting 
^S^^mSS^i isoforms generated by alternative |Wing of the ED-B sequence, and the reactivity of these isoforms 
with the IST-6 and BC-1 MAbs. The characterization of BC-1 and IST-6 has been reported by Carnemolla et aL (1992), modified from 
Hynes (1985). 



consisted in the application of the primary MAb, incubation 
with biotinylated goat anti-mouse IgG (Bio-Spa) and then with 
avidin-biotinylated-peroxidase complex (Bio-Spa). Immuno- 
enzymatic staining was then carried out using 3,3-diaminoben- 
zidine tetrahydrochloride (DAB)-H 2 0 2 (Sigma), which yielded 
a brown reaction product masking antigens and immunore- 
agents of this first sequence and thus preventing cross-binding 
of the antibodies in the second sequence. Next, the sections 
were incubated with the second primary MAb, then incubated 
with the secondary antibody and streptavidin-biotinylated- 
alkaline-phosphatase complex (Bio-Spa). The red reaction 
product was obtained using a mixture of 2 mg naphtol AS-MX 
phosphate (Sigma) dissolved in 200 of n,n-dimethylfor- 
mamide (Sigma) and diluted in 9.8 ml of 0.1 M Tris-HC! 
buffer, pH 8.2, and 1 mM levamisole (Sigma). Immediately 
before use, 10 mg of Fast-Red TR salt (Sigma) were added. 
Gill's hematoxylin was used as a counterstain, and the sections 
were mounted in glycergel (Dako). 



RESULTS 

We have extensively studied the distribution of this B + • FN 
isoform in the vessels of normal, regenerating and neoplastic 
tissues, using the BC-1 MAb specific for this FN isoform 
(Carnemolla et aL, 1989, 1992). In particular, we have studied 
the presence of B + • FN in the vessels of glioblastoma 
multiforme, since endothelial proliferation and angiogenetic 
processes, which lead to the formation of capillary clusters, are 
often very prominent in these neoplasms. ^ 
-* Figure 2a shows the absence of B + - FN in the blood vessels 
of normal adult cerebellum, while Figure 2b shows the pres- 
ence in these serial sections of blood vessels highlighted using 
a MAb to factor VIII. 

Figure 2c shows a section of glioblastoma multiforme with a 
typical capillary cluster double-stained with the BC-1 (red) 
and KI-67 (brown) MAbs. Note the hyperplasia of the endothe- 
lial cells, the intense cytoplasmatic staining of these cells by 



BC-1 and a number of nuclei of endothelial cells stained by 
KI-67, indicating endothelial-cell proliferation. On the con- 
trary, neoplastic cells showed no reaction with BC-1. Similar 
results were obtained in all 33 cases of anaplastic astrocytoma 
and glioblastoma multiforme studied. 

Figure 2d shows the same double-staining procedure, with 
the BC-1 and KI-67 MAbs, of a glioblastoma multiforme 
section containing both neoplastic tissue and a portion of 
neighboring normal cerebral cortex. It should be noted that, 
while the vessels are intensively stained by BC-1 in the 
neoplastic portion, the vessels of the adjacent normal brain 
tissue are negative. Staining using a MAb specific for a-smooth- 
muscle actin, a marker for pericytes, has demonstrated the 
absence of pericytes in the capillary clusters or vessels with 
hyperplastic endothelial ceils in glioblastoma multiforme (Fig. 

20- 

Figure 3a,b shows serial sections of a glomerular-like vascu- 
lar structure of a glioblastoma multiforme stained with BC-1 
(a) and with an anti-factor- VIII MAb (b). BC-1 stained the 
cytoplasm of the endothelial cells. Figure 3c shows another 
glomerular-like vascular structure of a glioblastoma multi- 
forme, double-stained using the anti-factor- VIII MAb (red) 
and BC-1 (brown). The 2 MAbs stained the same cells with 
preferential baso-lateral distribution of the B + • FN. Figure 3d 
shows double staining of a glioblastoma section with the BC-1 
(brown) and IST-6 (red) MAbs, the latter being specific only 
for FN molecules not containing the sequence ED-B (B • FN). 
Only the capillary clusters or vessels with hyperplastic endothe- 
lial cells were stained by BC-1. On the contrary, in vessels with 
normal morphology, even though containing FN as shown by 
the reaction with IST-6, B + • FN was not detectable. 

Only in 3 out of 10 cases of low-grade astrocytoma and in 16 
out of 47 cases of meningioma, and in very few vessels of each 
specimen, was B + • FN detectable; on the other hand, no B + * 
FN was detectable in the remaining cases. Figure 4a,b show 
serial sections of meningothelial meningioma stained with the 
anti-factor- VIII MAb and with BC-1 respectively. It is possible 
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Figure 2 - Section of normal human cerebellum stained with a MAb specific for factor VIII (a) and with BC-1 (b). (c) Section of a 
specimen of glioblastoma multiforme double stained using the KI-67 MAb (brown), specific for proliferating cells and BC-1 (red). BC-1 
stained the endothelial cells of the glomerular-Iike vascular structures. Some endothelial cells actively proliferated, (d) Section of 
glioblastoma-multiforme specimen showing neoplastic and normal tissue stained with BC-1 (red) and with KI-67 (brown). Note the high 
number of proliferating cells in the neoplastic tissue. Only the vessels within the tumors were stained by the BC-1. (e) Section of a 
specimen of glioblastoma multiforme double stained with the a-sm 1 MAb (brown) specific for smooth-muscle actin and with BC-1 (red). 
Mature vessels reacted with the a-sm 1 MAb but not with BC-1, while BC-l-positive vessels did not react with a-sm 1. Scale bar, 10 u,m. 



to note that the vessels present in the sections did not react 
with BC-1. This absence of reaction cannot be attributed to a 
general lack of FN, as clearly shown in Figure 4c,d where 2 
serial sections of a psammomatous meningioma are stained 
with BC-1 and with IST-6. While the section stained with BC-1 
did not show any reaction, that stained with IST-6 showed a 
strong diffuse reaction, especially in the vessels. However, all 
the atypical and anaplastic meningiomas studied, which are 
characterized by a higher malignancy and frequent mitoses, 
showed the presence of B + • FN in a high percentage of blood 
vessels (data not shown), probably because angiogenetic pro- 
cesses are more pronounced in these tumors. 

Since the data described above indicated a correlation 
between the presence of B + - FN and the angiogenetic 
processes, we studied the endometrium, a tissue in which 
angiogenesis occurs physiologically. Figure 5a, b shows 2 serial 
sections of the functional (superficial) layer of an endome- 
trium in the proliferative phase, immunostained with BC-1 and 
with the anti-factor- VIII MAb respectively. In this part of 



endometrium, where proliferative and angiogenetic processes 
are present, BC-1 stained both the connective tissues and the 
vessels with a pattern similar to that observed in various 
carcinomas (Carnemolla et aL, 1989). Figure 5c,d shows the 2 
serial sections, from the same specimens as in Figure 5a,b with 
the basal (deep) layer of endometrium and the myometrium 
immunostained using BC-1 and the anti-factor-VIII MAb 
respectively. There are no proliferative or angiogenetic pro- 
cesses in this area. BC-1 did not show any staining (Fig. 5c), 
while the anti-factor-VIII MAb showed the presence of a large 
number of vessels (Fig. 5d). Furthermore, endometria fr6m_ 
postmenopausal subjects showed no reaction with BC-1 (data ^ 
not shown). 

DISCUSSION 

Interactions between endothelial cells and various extracel- 
lular-matrix (ECM) components have been reported to play 
important roles during angiogenetic processes such as modula- 
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sequence. Scale bar, 10 p,m. 



tion of endothelial-cell migration and proliferation (Madn and 
Williams, 1983; Ingber and Folkman, 1989). h is known that 
one of the major components of the provisional ECM ot 
growing blood microvessels is FN. In fact, Risau and ^m m ? n 
(1988) have shown that migrating and proliferating endothelial 
cells are associated with an FN-rich matrix, whereas mature 
capillaries have a laminin-containing basement membrane. 
Furthermore, these authors have shown that endothelial cells 
themselves, during migration and proliferation, produce the 
appropriate matrix which includes FN. These and our data 
disagree with those reported by Higuchi et aL (1993), which 
indicate that the degree of histological cel^ malignancy and 
fle-differentiation of human gliomas are inversely correlated 
with the expression of FN in the blood vessels. The discrepancy 
between these observations and our findings may be due to the 
fact that Higuchi et al (1993) used formalin-fixed and paraffin- 
embedded sections instead of cryostat sections. In fact, we 
have observed that the former fixation procedure greatly 
reduced the sensitivity of immunohistochemical reaction. 



The B + • FN isoform has extremely restricted distribution in 
adult human tissues, while it is highly expressed in the ECM of 
the stroma of a variety of tumors and fetal tissues, as well as by 
macrophages and fibroblasts during cutaneous wound healing 
(Carnemolia et al, 1989; Brown et aL, 1993). Carnemolla eVal 
(1989) have also documented the absence of B + • FN in the 
blood vessels of a large number of normal adult tissues, with 
the exception of a few vessels of the ovary, tissues in which, 
however, angiogenetic processes are present. Studying the 
distribution of the B + • FN isoform in glioblastoma multiforme, 
we have found that- all the vessels with hyperplastic endothelial ^ 
cells reacted strongly with BC-1, while vessels with moriostrati-. ^ 
fied non-hypertrophic endothelium did not react at all These C 
latter vessels, however, were not devoid of FN, as demon- 
strated using the IST-6 and IST-4 MAbs specific for B ; FN 
and all FN isoforms respectively. Considering that angioge- 
netic processes are prominent in these neoplasia this observa- 
tion suggested an association between angiogenesis and expres- 
sion of the B + * FN. 
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A large number of BC-l-positive vessels were found not only 
in glioblastoma multiforme or high-grade astrocytoma but, 
regardless of the malignancy, also in benign tumors, such as 
ependimoma and breast intraductal papilloma, neoplasms 
with a considerable level of new blood-vessel formation (data 
not shown). 

The association of B + • FN with angiogenesis has also been 
demonstrated by the study of endometria during the prolifera- 
tive phase. This analysis showed a very strong reaction in the 
vessels of the functional layer, where angiogenetic processes 
are present, but not in the endometrial basal layer and in the 
myometrium, where angiogenesis is absent. 

In conclusion, these data show a very high level of accumula- 
tion of the B + • FN isoform during angiogenesis. Our immuno- 
histochemical data indicate that the isoform is produced by 
endothelial cells, given that a large amount of this FN isoform 
is localized within the endothelial-cell cytoplasm. In situ 
hybridization experiments will be necessary for definitive and 
unequivocal identification of the cell type responsible for B + - 
FN synthesis. However, regardless of the former point, the 
clear localization of B + - FN in newly forming blood vessels 



strongly suggests that it may be involved in the angiogenetic 
process and.in endothelial-cell migration. 

The BC-1 MAb has thus proved useful for evaluating the 
level of formation of new blood-vessels in different neoplasms, 
a process indicating malignancy in various tumors, e.g., glioblas- 
toma and breast cancer. BC-1, therefore, may be useful for 
prognosis, as well as for the differential diagnosis of menin- 
gioma vs. atypical and anaplastic meningioma and of astrocy- 
toma vs. anaplastic astrocytoma and glioblastoma multiforme. 
The role of the B + - FN isoform during angiogenesis, as well as 
the clinical potential of BC-1 for prognostic, diagnostic and 
anti-angiogenic therapeutic purposes, are under investigation. 
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angiogenesis at primary and secondary sites. 
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Angiogenesis, the growth of new capillary blood 
vessels in the host, is a characteristic phenomenon com- 
mon to most solid malignant tumors: Following estab- 
lishment of an adequate blood supply, tumor cells will 
not only grow but also acquire metastatic potential .to 
distant tissues or organs." Tumor angiogenesis is »d«jed 
by angiogenic factors produced by tumor cells (called 
tumor angiogenesis factor) which activate and attract 
endothelial cells.' 4 ' This response of microvascular en- 
dothelial cells to such soluble factors consists 01 three 
major components; increased rate of cell proliferation, a 
stimulation of endothelial cell migration along a gradient 
of angiogenic factor and an increased production of 
proteolytic enzymes." Also angiogenesis is not usually 
active in the normal adult except during wound repair 
ovulation and menstruation. Therefore the inhibition of 
angiogenesis (neovascularization) may provide a means 
to control tumor growth and metastasis. * 

Tumor angiogenesis was found to be inhibited by 
several natural products such as protamine, a purified 
cartilage extract*' and medroxyprogesterone. ' Folkman 
et al m reported that a combination of rortisone acetate 
and heparin inhibited growth of new blood vessels 
toward the tumor mass and resulted in regression of 



' To whom c rrespondence should be addressed. 



several experimental tumors in mice. Eisenstein el ah 
showed that cartilage extract inhibited the growth of 
aortic endothelial cells in culture. We have reported that 
a polypeptide based on the Arg-Gly,Asp (RGD) se- 
quence of fibronectin as ; a monomer unit, poly(RGD), 
could dramatically inhibit experimental and spontaneous 
lune metastases of B16-BL6 melanoma, cells possibly 
through an inhibitory action at some points in the adhe- 
sion migration and invasion of tumor cells during the 
metastatic process. ,i,5, Poly(RGD) was also found to 
interfere with the interaction between tumor cells and 
platelets including tumor-elicited platelet aggregation, 
which may enhance the survival, arrest and invasiveness 

of tumors. 141 ... 

We describe here the effect of RGD-contatning poly- 
peptides on tumor angiogenesis caused by tumor inocula- 
tion in syngeneic mice. We also examine the influence of 
polypeptides on endothelial cell migration in response to 
immobilized adhesive proteins and/or the conditioned 
medium of tumor cells in viiw. 

MATERIALS AND METHODS 

Cells and cell culture Highly metastatic B16-BL6 mela- 
noma cells, obtained by an hi vitro selection procedure 
for invasion. 15 ' were kindly provided by Dr. I. J. Fidler, 
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M.D. Anderson Cancer Center, Houston, TX. Melanoma 
cells were maintained as monolayer cultures in Eagle's 
minimal essential medium (MEM) supplemented with 
7.5% fetal bovine serum (FBS) f vitamin solution, sodium 
pyruvate, nonessential amino acids and L-glutamine. Rat 
lung endothelial cells (RLE cells) were kindly provided 
by Dr. M. Nakajima, M.D. Anderson Cancer Center, 
Houston, TX. RLE cells were maintained as monolayer 
cultures in 1% gelatin-coated culture dishes containing a 
1:1 ratio of DMEM and Ham's nutrient mixture F12 
medium (DMEM:F12; GIBCO Laboratories, Logan, 
UT) and lOOjug/ml of endothelial mitogen (Biomedical 
Technologies, Inc., Cambridge, MA). 
Synthetic polymeric peptides and reagents The poly- 
peptide based on the Arg-Gly-Asp (RGD) sequence of 
fibronectin, poly(RGD), was prepared by synthesis of 
the monomer peptide, RGD, by a conventional method, 
followed by polymerization with diphenylphosphoryl 
azide, as described elsewhere.' 2 " ,6> Poly(RGD) consists 
of a sequence of RGD units, whereas poiy(R,G,D) is a 
polymer with randomly arranged sequences of the three 
amino acids. Hence, in the sequence of poly(RGD), the 
G residue always lies between R and D residues, and the 
-RGD- sequence is present as a segment. In the sequence 
of poly(R,G,D), on the other hand, the three amino 
acids are randomly arranged and the probability of their 
forming the -RGD- sequence is statistically very small. 
The polymeric peptides used are estimated to have an 
average molecular weight of approximately 10,000,-as 
assessed by SDS-polyacrylamide gel electrophoresis and 
gel permeation chromatography. These polypeptides and 
Arg-Gly-Asp-Ser (RGDS) monomer peptide were eagh 
dissolved in Ca 2 - and Mg 2 -free phosphate-buffered 
saline (PBS) before use. Purified mouse fibrbnectin wjas 
purchased from Seikagaku Kogyo Co. Ltd., Tokyl>. 
Purified laminin was obtained from Collaborative Re- 
search Inc., MA. Clupein (protamine from herring testis) 
was purchased from Sigma Chemical Co., MO. All the 
reagents and media in this study were endotoxin-free 
(approximately 1.0 ng/ml) as determined by a colon- 
metric assay (Pyrodick, Seikagaku Kogyo Co. Ltd.). 
Spontaneous lung metastasis Mice were given subcuta- 
neous (s.c.) injections of B16-BL6 melanoma cells (5 ■ 
10 5 ) into the right hind footpad. Polymeric peptides were 
administered intratumorally (i.t.) on various days after 
tumor inoculation, and then primary tumors were surgi- 
cally removed by amputation on day 21. Mice were killed 
14 days after the amputation. The lungs were fixed in 
Bouin^s solution and lung tumor colonies were counted 

1 ~„ A ^It^n^***,^ •-»■» t r» rrtfO rkT\fc» 

UIIUWI U UUO\.Vll"& imvnA>v«j^. 

Tumor angiogenesis in mice The assay for tumor 
angiogenesis in syngeneic mice was carried out according 
to the method described by Kreisle and Ershler 17 * with 
some modifications. C57BL/6 mice were injected in- 



tradermally (i.d.) with 5 ■ 10 5 B16-BL6 melanoma cells 
(though a 27-gauge needle) at two sites on the back. 
Polypeptides were administered i.t. or intravenously 
(i.v.) at various days after tumor inoculation. At 72 h 
after the administration of polypeptide, the mice were 
killed immediately after i.v. injection (0.2 ml) of 0.1% 
Evans blue and the skin was separated from the underly- 
ing tissue. Angiogenesis was quantitated by counting the 
number of vessels oriented towards the tumor mass (as 
shown in Fig. 1 ) under a dissecting microscope. The size 
of the cell mass was measured by averaging the long and 
short diameters. All counts were made by a single 
observer in a blind manner. 

Cell migration assay Endothelial cell migration along 
a gradient of substratum-bound fibronectin or laminin 
(haptotaxis) in response to tumor conditioned medium 
was assayed in Transwell cell culture chambers (Costar 
No. 3422, Cambridge, MA) as described previously 181 
Briefly, polyvinylpyrrolidone-free polycarbonate filters 
with 8//m pore size (Nucleopore Corp., Pleasanton, CA) 
were precoated with 5 jtzg of fibronectin or laminin in a 
volume of 50^1 on the lower surface, and dried overnight 
at room temperature. The coated filters were washed 
extensively in PBS and then dried immediately before 
use. Log-phase cell cultures of RLE cells were harvested 
with 1 mAf EDTA in PBS, washed three' times with 
serum-free MEM. and resuspended to a final concentra- 
tion of 2 > 107ml in MEM containing 0.1% bovine 
serum albumin (BSA). Cell suspensions (lOOjil) with or 
without polypeptides were added to the upper compartr- 
ment, and incubated for 4 h at 37°C in the absence or 
presence of B16-BL6 cells themselves or their condi- 
tioned medium (CM), obtained after a 24-h incubation 
of tumor cells in serum-free MEM, in the lower compart- 
ment. The filters were fixed with methanol, and stained ' 
with hematoxylin and eosin. The cells on the upper 
surface of filters were removed by wiping with a cotton 
swab. The cells that had migrated to various areas of the 
lower surface were manually counted under a microscope 
at a magnification of 400. and each assay was performed 
in triplicate. 

Statistical analysis The significance of the differences 
between groups was calculated by applying Student's 
two-tailed / test. 

RESULTS 

Inhibition of spontaneous lung metastasis by poly- 
peptide? We first examined the effect of our original 
polymeric peptides containing the RGD sequence on the 
spontaneous lung metastasis of metastatic B16-BL6 mel- 
anoma (Table 1). Polypeptides were administered i.t. 
into the right hirjd footpad with an advanced primary 
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Table I. Effect of Poly(RGD) on Spontaneous Lung Metastasis Caused by Intra fool pad Injection of 
B16-BL6 Melanoma Cells 



Administered i.t. with 



Timing 



Expt. I 
Untreated (PBS) 

Poly(RGD) 100 ;*g on day 0 

day 1 
day 7 
day 14 



Expt. II 
Untreated (PBS) 
Poly(RGD) 
PoIy(R,G,D) 



100 fig on day 7 
100 fig on day 7 



Primary lumor 
size on day 21 
(mm SD) 



No. of lung metastases 
mean " SD (range) 



9 


2 


44 


22 


(22-80* 




7 




' 6 


6 


(0 14) 


0.001 


8 


2 


6 


6 


(0-14) 


0.001 


8 


2 


6 


4 


(0-10) 


0.001 


9 


2 


42 


26 


(14-86) 




10 


3 


46 


4 


(43-51) 




10 


3 


12 


6 


(9-21) 


0.001 


U 


3 


58 


23 


(43 84) 





" Five C57BL/6 mice per group were administered i.t. with 100 HZ of polypeptides at the indicated times 
after tumor inoculation. Primary tumors were surgically removed on day 21 and mice were killed 2 weeks 
after the amputation. " . 

a) Compared with untreated control by Student s two-tailed / test. 





Fig I Photomicrographs of ovogenesis induced at 3 days by B16-BL6 melanoma ,mplanted into C57BL/6 Mice _*« 
infected i d I on The back with B1*BL6 melanoma cells (5 x 10 5 ) admixed with (B) or without < A H 00 // g of - poly ( RGD ) . Three 
^ mice were killed immediately after iv. injection (0.2 ml) of 0.1* Evans blue and the sktn was 

separated from the underlying tissues. 



tumor at various times following tumor inoculation, after 
which, n day 21, the primary tumors were surgically 
removed. Tumor colonies in the lung were monitored 14 
days after tumor excision. Single i.t. administration of 
poly(RGD) on day 0 (mixture), day 1 or day 7 caused a 
marked reduction of tumor colonies f B16-BL6 mela- 



noma, but did not affect the growth (size) of primary 
tumors at the rime of amputation on day 21 compared 
with the untreated control. In contrast, the administra- 
tion of the random polypeptide, poly(R,G,D), on day 7 
after tumor inoculation failed to inhibit the lung 
metastases. These results are in accordance with our 
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previous reports on the inhibition of spontaneous lung 
metastasis by i.t. or i.v. administrations of polypep- 
tides. 12 in We also observed that the polypeptide had no 
direct cytotoxic effect on such cells as the B16-BL6 cells, 
endothelial cells, mouse red blood cells or thymocytes in 
vitro, nor did it affect their cell growth or the aggregation 
state of serum proteins (data not shown). 




3 5 T 9 11 

Days after tumor inoculation 

Fie. 2. Time course of angiogenesis and tumor growth at the 
injection sites. Three C57BL/6 mice per group were injected 
i'd. with B16-BL6 melanoma cells (5 *• 10 s ) at two sites on the 
back. At various times after tumor inoculation, mice were killed 
and the skin was separated from the underlying tissues. 



Inhibition of in vivo tumor angiogenesis by poly(RGD) 
Progressive tumor growth and metastases appear to be 
associated with the growth of persistent capillary bipod 
vessels (neovascularization) at the primary and meta- 
static sites.** 41 We therefore tested the time-course of 
angiogenesis and growth of B 1 6-BL6 cells at the injection 
site according to the method described previously. 17 * At . 
various times after tumor inoculation on the back of 
mice, the number of vessels oriented towards the tumor 
mass on the separated skins (angiogenesis) was measured 
as a function of time under a dissecting microscope (Fig. 
1). Figure 2 shows the relationship between angiogenic 
response and size of tumor cell mass following i.d. inoc- 
ulation of 0 io-BL6 melanoma cells. The size (growth) of 
tumor cells after the inoculation increased in a time- 
dependent manner. In contrast, angiogenic response in- 
creased logarithmically over 5 days, and thereafter little 
or no increase in the number of vessels was observed. It 
appears that the vessels became dilated with the ^pwth 
of the tumor mass and thereby increased the blood 
supply. However, no leakage of dye (Evans blue) into the 
surrounding region was observed after the i. v. injection. 
The results indicate that the formation of capillary blood 
vessels increasingly occurred during the early growth 
phase after tumor inoculation. We next examined the 
effect of antimetastatic poly(RGD) on tumor angio- 
genesis caused by i.d. tumor inoculation into syngeneic 
mice. Mice were treated with 100 //g of poly(RGD) on 



Table II. Inhibition of Tumor Angiogenesis by Poly^nttdes 
Administered with 



Routes 



Angiogenesis 



Tumor size 



i.d. 
id. 
id. 
id. 

i.t. 
i.t. 
i.v. 
i.t. 

i.t. 
i.t. 
i.t. 



Day 0 (co-injection) 
Control (PBS) 
PoIy(RGD) 
RGDS 
Clupein 

Day 1 

Control (PBS) 
Poly(RGD) 

RGDS 

Day 3 
Control 
Poly(RGD) 
RGDS 

Three C57BL/6 mice per group were treated with 100 /*g of pol>T)epndes on day 0. 1 or 3 after i.d. 
injection t Blr>bLt> meian ma ceiis <5 * iG 5 j at two sites on me back. Three dajs afiei ilic auiniuiMi'a- 
tion, mice were killed immediately after i.v. injection (0.2 ml) of 0.1% Evans blue and the skin was 
separated from the underlying tissue. Angiogenesis was quantitated by counting the number of vessels 
oriented towards the tumor mass. 
**, P' 0.001; *, P 0.01. 



of vessels ' SD> 


(mm 


SD) 


21 3 


3 * 


1 


12 " 2** 


3 • 


1 


21 5 


3 


1 


14 2** 


3 


1 


24 2 


3 


\ 


15 - 3** 


3 


1 


l<> 2* 


3 


1 


21 3 


3 


1 


27 1 


4 


1 


22 2* 


4 


1 


28 * 2 


4 


1 
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Table III. Dose-Response Relation for Anti-angiogenie Activity of Poly(RGD) m vivo 
Administered i.t. with 

Control (PBS) 
Poly(RGD) 

Clupein , . . 

Three C57BL/6 miceper group were administered i t. with various doses of po!y( RGD ) on day 1 after i.d 
inoculation of B16-BL6 melanoma celLs (5 • 10 5 ) at two sites on the back. Three days after he 
Xlfertioii. mice were killed immediately after i.v. injection (0.2 ml) of 0.1* Evans blue and he skin 
was separated from the underlying tissue. Angiogenesis was quantitated by counting the number or vessels 
oriented toward the tumor mass. 
*.P 0.001. 



Dose 


Angiogenesis 


Tumor size 


(//g/nwusc) 


t No. of vessels ' SD) 


(mm SD) 




20 2 


3 1 


20 


20 I 


4 2 


100 


12 r 


3 1 


500 


8 2* 


4 1 


100 


8 r 


3 1 



Table IV. Effect of Pol>?eptides on the Haptotactic Migration of Endothelial Cells to Fibronectin- or 

Laminin-coated Filters * ^^.-^ —-^ - — — — - -- 

No. of migrated cells ^ 
tmean ■ SD) 



Filters preeoated 
(on the lower surface) with 

5 /*g 



Added in the upper 
c.mpartment 



BSA 
Fibronectin 

Fibronectin 



0.005 

0.05 

0.5 



Laminin - 



5 







1 


1 






24 


3 






40 


3 






70 


7 






74 


10 


poly(RGD) 


20 ;/g/ml 


bl 


4 


100 


46 


3" 




500 


3S 


\4 - 


RGDS 


500 


* 62 


5 


poly(R.G.D) 


500 


- ; v ^0 


- 7.. 






34 


3 


poly(RGD) 


500//g/ml 


33 


"5 



0.001 
0.001 



Endothelial ceils (RLE cells. 2 10 5 ) were seeded on filters preeoated on the lower surface with fibronectin 
or laminin. Polypeptides were added to the upper compartments of Transwell chambers. After a 4-n 
incubation, the migrant cells on the lower surface of the filters were counted visually. 
a) Compared with the untreated control by Students two-tailed / test- 



various days after i.d. injection of B16-BL6 cells, and 
angiogenic activity was assessed 3 days after the adminis- 
tration of the polypeptide. Table II shows that poly- 
(RGD) significantly inhibited the angiogenic response 
when it was co-injected ixL with tumor cells, or separ- 
ately injected i.t. or i.v. on day 1 or 3 after tumor, 
implantation. RGDS monomer peptide at the dose of 100 
fig did not affect the number of vessels as compared with 
the untreated control. Tayior and Fuikmau * have shown 
that protamine is a specific inhibitor of angiogenesis. 
Clupein, a protamine derived from herring testis, was 
also able to inhibit tumor angiogenesis. However, anti- 
angiogenic poly(RGD) as well as clupein did not show 



any inhibitory effect on the tumor size (growth) at the 
injection sites. As shown in Table III. poly(RGD) in- 
hibited tumor neovascularization in a dose-dependent 
manner upon i.t. administration on day 1 after tumor 
inoculation. 

Effect of poly(RGD) on haptotactic migration of en- 
dothelial cells Since an essential component of tumor 
neovascularization is the migration of vascular endo- 

WrvnH vpssfls toward tumor 
masses/' 20) we examined the effect of poly( RGD) on the 
haptotactic migration of endothelial cells (RLE cells) to 
fibronectin- or laminin-coated fillers. Table IV shows 
that RLE cells migrated to the lower surface of the 
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Tumor Cell Conditi^ " 



Filters precoaied 
(on.ihe lower surface) with 

BSA 

Fibronectin, 5 jt/g 



Added to 



upper compartment 



lower eompartmeni 



No. of migrated cells 
(mean * SD) 



CM 



CM 

poly(RGD). 100//g/ml CM 



500 

RLE ceils pretreaied 
with polylRGD)* 
500 //g/ml 



CM 
CM 



1 

0 

38 
70 
47 
36 



1 

0 

- 2 

• 6 

• 4 

• 5 



Laminin. 5 «g 



CM 

CM pol>< RGD) - 500;/g/ml 
doIvCRGD). 500^g/ml CM 

SvCRGD soo^mi CM * poly(RGD), 500/fg/ml 



29 * 6 



35 • 5 
77 • 8 
71 8 
73 • 8 
75 * 5 
133 - 14 



0.005 
0.001 
- 0.001 



II 7~7~ tll ~ i rt " vpr c„rface with fibronectin or laminin. and 

Endo,he«a! cells (RLEceils. 2 • ,0 s ) were seeded on filter precoa.*^ on ^g™^, w ,„e upper or lower 

o) U RLE ceUs -re preirea.cd wi.h 500^1 PoW(RGD) a. 37 C for l.k 



fibronectin-coated filters in a dose-dependent manner 
oJdid not migrate to BSA-coated 
inhibited haptotactic migration of RLE cells to noru 
JJSJ filters in a dose-dependent fashion when 

In contrast. RODS or random polypeptide poly- 
R^fdid not show any inhibition . 
centration of 500,/g/ml. On the ^^' ^f^ 
were able to migrate to lammm-coatc-d filters, but ppi> 
ROD) did not affect this migration. We also ooser^d 
h* fibronectin promoted such haptotactic migration ^of 
RLE cells to ,aminin«oated filters in a concentration- 
Sndent manner when it was added freely m the 1 = 
com^rtment (data not shown). We next ^jgated 
^influence of poly(RGD) and/or tumor CM on 
£££ migraS of RLE cells ,o fib j-gj^ 
bminin-immobilized filters ,« v,m> (Table V). CM was 
able to promote haptotactic migration of RLE cells to 
nbroniiin- or laminin-coated filters when it was added 
JoSe lower compartment of 

not affect the cell migration to BSA«oated filters .These 
r«ults imply that CM itself was unable to act as a 
hemoamac 'tan, but was able to promote hap,o,ax,s £ 
RLE cells on immobilized fibronectm or laminin sub- 
strates The addition of poly(RGD) to the upper com- 
pSmen, or the pretreatment of RLE cells with , pdy- 
JrGD) inhibited the enhanced haptotaxis of RLE cells 



,o fibronectin^oated filters in response to CM. In con- 
trast, polv(RGD) did not inhibit the haptotactic mg* 
lion to laminin-coated filters m response to CM when it 
was added freely to the upper or lower cornpartme nU£ 
both compartments., This result ind.ca tes that ; PoK- 
(ROD) was specifically able to inhibit the cell m^granon 
o fibronectin substrates (but no, to lammin ?^«) ■ 
nine absence or presence of CM. Also the addition of 
B,^Ucellsthemselvesor endothelial mitogen ;n p,ace 
of CM, to the lower compartment promoted the migra- 
tion of RLE cells to fibronectin substrate. 

DISCUSSION 

Progressive tumor growth followed by metastasis 
ap^a'To be associated with the creation of expensive 
vascular nelworks (neovascularization) a, primary < and/or 
sSndary ,umor si,es - We here ^ «^2S 
,ion on ,he ,umor-induced angiogenesis and ^xaminri 
the effect of our polymeric pep«de. P^^ G h D >; n ^2. 
induction of neovascularization caused by ^ mocula 
lion of tumor cells in syngeneic rmce and onAe"^ 
Uon of endothelial cells in response* tumo«ond.,,oned 

1 number of capillary vessels oriented ,owards he 
lumor mass when it was co-injected .-d. with tumor cells 
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vascularization may not depend on the d.rect c> 

Scant reduction of tumor colonies m the 
not 7ffect the growth of the primary tumo* «■ 
The random po^pnde, p..y(R,G D ^.n ^ 
three ammo acids (R. G and ) ^ ^ 

"* "T^TtTa." Sonoma- that multiple i». 
pnmaty «»»• "•TjiS,. before or alio sureieal 

r5S«of^»«*»i-- possibly *»* 

SeH) Thus.theinWbitionoftumorang.ogenes^by 

E5SS ) kSlS tigs or schedule of admtmstra- 

^Shelial cel. migration toward tumor 
lowing the formation of capillary sprouts is an essential 
lowing wc neovasculanza- 
component .n *e Process « ^.^^ effect of 



[it in me prw»«» ***** — • <r * f 
, nB .-.*» To analyze further the antiangiogemc effect oi 
Z'fRGD? wetavestigated the effect of poly(RGD) on 
EmoSrJgUtion of endothelial cells (RLE ceUs) in 

extracellular matrix proteins such 
i» m inin i-Table IW RLE cells migrated to the lower 
'S jBSte bearing either fibronectin or lamimn 
SuS nTtta indicating that fibronectin or laminm 
« stmt a signal for endothelial migration The 
aSditfonof^MRG^intheupperc mpartmentof the 
£ resS in the inhibition of haptotactie migra- 



tion ,o the fibroneclin-coated filler bu, not to the laminin- 

C °Fato« e secreted by the tumor itself (e.g. tumor 
Stor) have been shown to promote angio; 
STneoSuiarization) a. the site of the tumor, ' 
Zett?" reported that the random locomotion of capd- 
farl endo Sal cells (chemokinesis) increased when they 
w2e Itured with tumor<onditioned medium Severa 

! CM to the lower compartment of the TransweU 
chamber dTd not ause any migration of endothelial ce Ls 
2 TsA<oated substrate, but augmented haptotaxis to 
fibrSecS or laminin-immobilized substrates We abo 
fibronectin fibroblast growth factor 

%GT) epSi^h factor (EGF) or transforming 
S' S™ (TGF-a), which are known to induce 
Ingiogenesis, enhanced the haptotactie 

^^^^ 

KE SotacJmigration to fibronectin subs«*« rand 
the enhanced haptotactie migration to fibronectin 
u . r^nonse to GM. In contrast, poly(RGD) did 

w laminin substrate 

Z r-tJl This result indicates that poly(RGD)- 

Sle to the inhibition of endothelial ™«8^*"* " 
Sient of extracellular matrix fibronectin in conjunc- 
f^n with CM and is substrate-specific. In addition, 
Doh'( RGD^did not directly affect the migratory effect of 
CM The inhibitory mechanism by poly(RGD) may 
therefore depend on interference with the interac ion 
itweel endThelial cells (probably the surface receptor) 
anS fibronectin. Further analysis will be needed to estab- 

H 1„ l c'oncS^e have demonstrated that non-.oxi, 

an leSc poly(RGD) *^™»Z£S* 

.^iised bv tumor inoculation in syngeneic nmc 

metastasis. 
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Abstract. Fibronectin (FN) represents the mixture of 
a number of structurally different molecules (isoforms) 
whose make-up varies depending on the FN sources. 
FN from cultured transformed human cells has a very 
different isoform composition with respect to its nor- 
mal counterpart. In fact, SV-40-transfbrmed WI- 
38VAI3 human fibroblasts produce high levels of a FN 
isoform (B-FN) which is very poorly expressed in 
their normal, WI-38, counterpart. We have recently 
demonstrated that the B-FN isoform derives from a 
differential splicing pattern of the FN primary tran- 
script which leads, in transformed cells, to a high 
level expression of the exon ED-B (Zardi, L., B. Car- 
nemolla, A. Siri, T. E. Petersen, G. Paolella, G. Se- 
bastio, and F. E. Baralle. 1987. EMBO (Eur. Mol. 
Biol. Organ.) J. 6:2337-2342). Here we report on the 



Fibronectin (FN) 1 is a polymorphic high molecular 
mass adhesive glycoprotein present in soluble form 
in plasma and other body fluids and in insoluble form 
in the extracellular matrixes. Both these forms are dim ers 
composed of subunits with a molecular mass of 25(X-280 kD 
made up of a series of repeating units of three types and 
joined by two disulfide bonds at the carboxyl terminus of the 
molecule. FN molecules are involved in various biological 
phenomena including the establishment and maintenance of 
normal cell morphology, differentiation, wound healing, cell 
migration, and adhesion (1, 2, IS, 41). 

It has been previously demonstrated that FN polymor- 
phism is at least partially caused by alternative splicing 
schemes in three regions of die primary transcript of a single 
gene which may generate 20 different FN subunit isoforms 
(18, 19, 29). One of these regions (IOCS, see F«. M) is be- 
tween the last two type III homology repeats; a single exon 
is subdivided to yield five alternative patterns of splicing. 
Hynes and co-workers (34) showed that inclusion of the 
mCS sequence contributed to the differences in size between 
the larger and smaller subunit of plasma FN. Humphries et 



1. Abbreviation used in this paper. FN, fibronectin. 



production and characterization of a monoclonal anti- 
body (BC-1) which recognizes an epitope within the 
protein sequence coded for fay the ED-B exon. This 
monoclonal antibody makes it possible to cany out 
immunohistochemical analysis of the distribution of 
the ED-B-containing FN isoform (B-FN) in human tis- 
sues. The results show that while in normal, adult, 
human tissues total FN has a widespread distribution, 
the B-FN isoform is restricted only to synovial cells, 
to some vessels and areas of the interstitium of the 
ovary, and to the myometrium. On the contrary, the 
B-FN isoform has a much greater expression in fetal 
and tumor tissues. These results demonstrate that, in 
vivo, different FN isoforms have a differential distribu- 
tion and indicate that die B-FN isoform may play a 
role in ontogenesis and oncogenetic processes. 



al. (16) suggested that for some cell types, regulation of the 
adhesion-promoting activity of FN may. occur by alternative 
RNA splicing in the mCS area. ^ i -i 

At the second region of variation (ED-A), a single exon en- 
coding a complete type IE repeat is either included or omit- 
ted from die mature mRNA. This variation is tissue specific 
and the ED-A sequence is absent in the mRNA of liver (ICt 
20, 21) which is the source of plasma FN (38). Using a rabbit 
antiserum to the rat ED-A segment, Paul et al. (31) demon- 
strated that this sequence is not present in plasma FN but is 
expressed in FN released by cultured fibroblasts and in FN 
from blocd platelets. More recently, using mAbs Castellani 
etal. (8) and Borsi et al. (S) demonstrated that in FN from 
the tissue-culture medium of tumor-derived or SV-40-trans- 
fonned human cells, die percentage of FN molecules con- 
taining the IOCS and ED-A sequences are higher than in FN 
from normal human fibroblasts. 

At the third region of variation (ED-B), a single exon mi- 
coding a complete type III repeat is either included or omit- 
ted from die mature mRNA (14, 33, 44). The ED-B sequence 
presents two interesting peculiarities: (a) it is the more con- 
served FN region, 100 and 96% homology with rat and 
chicken FN, respectively (28, 44); and (ft) this exon is highly 
expressed in transformed human cells, while it is barely de- 
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tectabie in cultured normal human fibroblasts (44). These 
observations suggest that the ED-B sequence may introduce 
some specific biological functions) into the FN molecule. 
A first step towards the understanding of the biological func- 
tions) of the B-FN isoform is the study of its distribution in 
normal, pathological, and fetal tissues. In this paper we re- 
port die production and characterization of an mAb (BC-1) 
specific for the protein sequence coded for by the ED-B 
©con. Using this mAb we demonstrated that while this se- 
quence is undetectable in plasma FN and in almost all nor- 
mal human adult tissues, it is highly expressed in fetal and 
tumor tissues. 

Materials and Methods 

Cell Lines and Monoclonal Antibodies 

All cell lines were grown in Eagle's minimum essential medium supple- 
mented with 10% fetal calf serum (Row Laboratories, Irvine, Scotland, 
UK) When FN had to be quantified in conditioned media, fetal calf serum 
was "depleted of bovine FN by passage through a large capacity gelatin- 
Sepharose column (Pharmacia Fine Chemicals, Uppsala Sweaen). mAbs 
specific for human FN were prepared as previously described (43) by fusion 
0 fP3Ul myeloma cells with splenocytes from mice immunized with FN 
from WI38VA13 or WB8 cells, or plasma. The characterization of mAbs 
I5P4 and IST-9 has been previously reported (5, 7, 36). The mAb 3E3 (32) 
specific to the cell-binding region of FN was a gift from M.D. ^erschbacher 
and E. Ruoslahti (La Jolla Cancer Research Foundation, La Jolla, CA). The 
radioimmunoassay was carried out as previously reported (45) and irn- 
munodot-blot analysis was performed using Bio-Rad Laboratories (Rich- 
mond. CA) equipment following the manufecturer's instructions. 

Purification and Proteolytic Digestion of FN and 
Its Fragments 

FN was purified from human plasma and from the conditioned media of cell 
lines as previously reported (46). Thermolysin (Protease type X; Sigma . 
Chemical Co., St. Louis, MO) digestion of FN and cleavage of FN by 
Vcyamlation with 2-mtr^5-thiocyanobenzoic acid were earned out asde- 
scribed by Sekiguchi and Hakomori (35). The FN 120- and 1 10-kDfrag- 
ments (domain 4, see Fig. 1 .4) were purified from a FN-thermolysm digest 
(6 aging of FN for 2 h at 22°Q by a hydroxyapatite (DNA grade; Bio-Rad 
Laboratories) chromatography column as previously described 42). 
Complete separation of the 120-kD domain 4 from the 110-kD domain 4 
was achieved using a DEAE-cellulose (Whatman Inc.; Maidstone, En- 
gland, UK) chromatography column. The two fragments, 35<and 85 "^ob- 
tained by thenhblysm digestion of the 1 20-kD domain 4 were separated by 
a hydroxyariautochroiriatogr^ column. SDS-PAGE and immurioblotting 
- were carried out as described by Laemrnli (22) and lbwbm et al. (39). 
Acrylarnide, SDS, and other electrophoresis reagents were from Bio-Rad 
Uboratories. Nitiocelhilose filters were from Schleicher and SchueU, tac. 
(Dassel, West Germany). Rabbit antiserum to human FN was prepared as 
previously described (46). 

Construction ofcDNA Library in>sgtll Phage 

Total RN A was extiacted from WI-38VA13 cells foUowing the procedure of 
Chirgwin et al. (9) as modified by Freeman et ai. 02). My(A) RNA was 
purified using an oligo(dT>-cellulose column according to the method de- 
scribed by Manuals et al . (24). For cDNA preparation, a cDNA synthesis 
system purchased from Pharmacia Fine Chemicals was used foUowing 
the marnifecturert instructions. cDNA, without further purification, was 
treated with Eco RI metilase (BioLabs, Beverly, MA), Eco RI linkers (Bio- 
Labs) were added, and the cDNA digested with Eco RI. cDNA was then 
ligated to Xgt 11 arms using Stratagene (San Diego, CA) kits, for both liga- 
tion and packaging, foUowing methods described by Huynh et al. (17). All 
enzymes used, unless otherwise specified, were from Boehringer Mann- 
heim GmbH (Mannheim, West Germany). 

Isolation and Analysis of FN cDNA Clones 

A W1-38VA13 cDNA library, in the expression vector Xgt U, prepared as 
described above, was screened by an immunoenzymauc procedure (17) 



using the mAb BC-1 and an immunoenzymatic kit purchased from Promega 
Biotec (Madison, WI). Bacteriophage DNA was prepared from positive 
closes, and the Eco RI inserts were excised . subcloned into a pUC8 plasmid 
vector (11, 40), and sequenced by Maxam and Gilbert's method (27). AU 
the positive clones obtained contain a FN insert with at least part of the 
ED-B sequence. One of these clones, XF2, contains the complete ED-B se- 
quence and 315 bases upstream and 255 bases downstream. We constructed 
a clone XF6c by removing the region containing the ED-B sequence from 
the done XF2 by Bsp MI and Ban U restriction enzyrnes (BioLabs) and sub- 
stituting it with an identical fragment, except that it lacked the ED-B se- 
quence. This fragment was obtained by the same restriction enzymes from 
the clone pFH154 (20) in which the ED-B sequence is not present. The 
clone pFH154 was a gift from Dr. F. E. Baralle (Istitoto Sieroterapico 
Milanese, Milan, Italy). All the cloning and subcloning procedures were 
carried out according to Maniatis et al. (24). 

For the immunoblotting analysis the 0-gatactosidase-FN fusion proteins 
were obtained from the clones using the foUowing procedure: ~2Q0OO 
plaque-forming units were plated with Escherichia coli (Y 1090 strain) in 
0.7% LB agar remaining 0l5 mM isopropyt /^D^ogalactopyranoside, 50 
ug/tnl ampicfllin in 95-mm Petri dishes and incubated at 37°C overnight 
Then 2 ml of Tris-HCl, pH 6\8, buffer, containing 2% SDS, 4% 0-mer- 
captoethanol, 10% glycerol, was added to each dish and incubated at room 
temperature for 2 h with gentle agitation. The buffer was then removed, 
briefly centrifuged. and 20-jd samples of the supernatant were analyzed by 
SDS-PAGE. 

Tissue Samples and Immunohistochemical Studies 

Normal and neoplastic tissues were obtained from surgical samples of pa- 
tients free from chemo- and radiotherapy. Fetal tissues were taken from 
spontaneous abortions. Each sample was divided into two portions: one was 
processed for conventional histopathological diagnosis and the other was 
immediately 'snap-frozen in liquid nitrogen. 4-um-thick cryostat sections 
were stained with 01% toliridine blue in PBS (20 mM Na-phosphate buffer, 
pH 7.3, 0.15 M NaCl) and additional frozen sections were used for indirect 
immunofluorescence and immunoperoxidase staining after fixation in cold 
absolute acetone for 10 min. lb avoid the heterogeneous distribution within 
the tissues of FN isoforms being responsible for false negative findings, at 
least three nonconsecutive sections of the tissue were analyzed. 

All indirect immunofhiorescence and immunoperoxidase stains were 
made using mAbs as the hybridoma culture supernatant, rabbit anti-mouse 
, I g FITC-labeled antiserum (Cappel Laboratories, Cochranville, F\), and a 
commercially available widine-biotine staining kit (Vector Laboratories, 
Inc., Burlingame, CA). The inimunoenzymatic stain used 3-amino-9- 
ethylcarbazole as a chromogenic substrate and Mayer's hematoxylin as a 
counterstain followed by mounting in buttered glycerol. 



Results , ^ : sX \ • : ■ 

Generation of the mAb BC-1 Which Recognizes an 
Epitope Within the FN Sequence ED-B 
mAbs obtained by fusion of splenocytes from mice im- 
munized using FN from the culture medium of SV-40- 
transfcnned human fibroblasts WI-38VA13 were screened 
with a radioimmunoassay system using plasma FN, FN from 
WI-38VA13 cells, and FN from their normal counterpart WI- 
38 cells as antigens. We obtained a clone (BC-1) which 
released mAbs specific for FN from WI-38VA13 cells but 
which did not react with plasma FN and only reacted very 
weakly with FN from the normal human fibroblasts WI-38. 
We tested this mAb using the immunoblotting technique, 
with thermolysin digests of FNs from plasma, WI-38, and 
WI-38VA13 cells. In accordance with the data obtained using 
the radioimmunoassay system, the mAb BC-1 showed strong 
reaction with WI-38VA13 FN fragments, negative reaction 
with plasma FN fragments, and a barely detectable reaction 
with WI-38 FN fragments (Fig. 1 B). The immunoblot pat- 
tern obtained with the mAb BC-1 was compared with those 
of other mAbs specific to different human FN epitopes (Fig. 
1 B). The staining pattern obtained with the mAb IST-9 
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(which recognizes the ED-A sequence) was completely 
different from that obtained with the mAb BC-l (Fig. 1 B). 
This rules out the hypothesis that the mAb BC-l recognizes 
the ED-A sequence which is preferentially expressed in FN 
from transformed cells and absent in plasma FN (5). The 
mAb BC-l reacts strongly with a 120-kD fragment, which 
is the cell-binding domain 4 containing the ED-B sequence 
(see Fig. 1 B) that is produced almost exclusively by trans- 
formed cells (44) , but it does not react with the 11 0-kD frag- 



ment, which is the cell-binding domain 4 without the ED-B 
sequence (see Fig. 1 A). These data strongly suggested that 
the epitope recognized by the mAb BC-l is within the ED-B 
sequence. The 110- and 120-kD ceU-binding domain 4 were 
purified and digested with thermolysin (Fig. 2). While the 
1 10-kD domain 4 is resistant to thermolysin, the digestion 
of the 120-kD domain 4 generates two fragments: a 85-kD 
fragment which contains almost the complete ED-B se- 
quence in its ouixiJtyl-tenninal part and reacts with the mAb 
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BC-1, and a 35-kD fragment (Fig. 2) (44). The 85-kD frag- 
ment was purified and its carboxyl-terminal part containing 
the ED-B sequence was cleaved out by S-cyanilation. This 
generated a 65-kD fragment which no longer reacted with 
the mAb BC-1 (Fig. 2), demonstrating that the epitope recog- 
nized by this mAb is within the FN fragment containing the 
ED-B sequence which was removed. 

lb confirm the hypothesis that the mAb BC-1 recognizes 
an epitope within the ED-B sequence we used /3-galactos- 
idase-FN fusion proteins containing or not containing the 
ED-B sequence. A WI-38VA13 library in the expression vec- 
tor Xgt 11 was screened by an immunoenzymatic procedure 
using the mAb BC-1. All the positive clones obtained con- 
tained a FN DNA insert with at least part of the ED-B se- 
quence as demonstrated by DNA sequencing. In particular, 
the clone XF2 produces a 0-galactosidase-FN fusion protein 
in which the FN part is composed of the complete ED-B se- 
quence plus 105 amino acids at its ammo-terminal and 85 
amino acids at its carboxyl-terminal ends (see Fig. 5). As a 
negative control we constructed a clone, XF6c, (see Mate- 
rials and Methods) expressing a 0-galactosidase-FN fusion 
protein identical to that produced by the cloned XF2 except 
that it lacked the entire ED-B sequence (Fig. 3). As shown 
in Fig. 3, the mAb BC-1 reacts only with the fusion protein 
containing the ED-B sequence from the clone XF2, but does 
not react with the fusion protein without the ED-B sequence 
produced by the clone XF6c. This demonstrates that the epi- 
tope recognized by the mAb BC-1 is localized within die 
ED-B sequence. 

Fig. 4 shows a dot-blot analysis of plasma FN, FNs from 
three different normal human fibroblast cell lines and four 
transformed or tumor-derived cell lines using the mAbs 
IST-4 (which recognizes all different FN isoforms) and BC-1 
(which recognizes only the B-FN isoform). While the mAb 
IST-4 reacts in the same way with all different FNs, the mAb 
BC-1 shows a reaction only with FNs from the SV-40- 




GEL Polyclonal 



transformed human fibroblasts WI-38VA13 and with die 
rhabdomyosarcoma cell line RD. 

Distribution of the B-FN Isoform in Human Fetal, 
Adult, and Tumor Tissues 

T&ble I summarizes the results of the immunohistochemical 
analysis of a variety of fetal and normal adult tissues using 
the mAbs BC-1, which recognizes only the ED-B-containing 
FN molecules, B-FN, and IST-4, which recognizes all differ- 
ent FN isoforms. In adult tissues, while total FN has a wide- 
spread distribution (See Tkble I and reference 37), the pres- 
ence of die B-FN isoform is limited to the superficial 
synovial cells, the intima of some ovarian vessels, scattered 
areas of die ovarian interstitium, isolated areas of die base- 
ment membranes of die celomic epithelium, and to areas of 
the myometrium (Tkble I). On the contrary, in tissues from 
8-12-wk old fetuses the B-FN isoform is much more repre- 
sented. In feet, among die tissues tested, the only negative 
ones were kidney, liver, colon, and skin tissues (see Table II). 
In particular the B-FN isoform is present in the intima of the 
vessels of fetal brain cortex, stomach, jejunum, thymus, and 
lung. The mAb BC-1 also stains some areas of the submu- 
cosa of the stomach and jejunum, and the basement mem- 
branes of the stomach and of developing bronchia (Fig. 5). 
However, in tissues from older fetuses (22-26 wk old) only 
the basal portion of the gastric and duodenal glands were 
found positive. This suggests that the B-FN isoform under- 
goes a programmed expression during ontogenesis. 

Tkble III summarizes the results of uV immunohistochem- 
ical analysis of 165 different primary human tumors using 
the mAbs IST-4 and BC-1. About 38% of the tumors tested 
showed the presence of the B-FN Isoform (Thble in and Kg. 
5). Within a given tumor type, the incidence of tumors show- 
ing the presence of die B-FN isoform was variable and no 
correlation was found with the degree of differentiation (colon 
adenocarcinomas) or the tumor histotype (breast tumors). 




Figure 5. On the left, a 4-18% SDS-PAGE gra- 
dient of proteins from E. coli infected by the ex- 
pression vector Xgt 11 and by the clones XF2 
and XF6c, respectively. The clones XF2 and 
XF6c produce the fusion proteins depicted in 
the middle of the figure. On the right, immuno- 
blots using die mAb BC-1 and a polyclonal rab- 
bit antiserum to human FN. The values on die 
left indicate the molecular masses, in kD, of the 
standards. 
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Figure 4. Dot-blot analysis of plasma FN (PL), and 
FNs from the Mowing human cell lines: WI-38, 
embryonic lung fibroblasts; GM-3651-G, adult skin 
fibroblast; GM-5386, fetal skin fibroblasts; WI- 
38VA13, SV-40-transformed embryonic lung fibro- 
blasts; RD y from a rhabdomyosarcoma; HT-1080, 
from a fibro sar c om a; and IgR3, from a melanoma. 
The mAb ISM (lefi) recognizes all different FN iso- 
forms while the mAb BC-1 (right) recognizes only 
the B-FN isoform. 



The only exceptions were meningioma of psammomatous 
and meningotheliomatous type which were found to be con- 
sistently stained by the mAb BC-1. In some cases of renal, 
pulmonary, and colonic carcinomas, in which both normal 
and tumor tissues of the same patients could be studied, the 
B-FN isoform was found only in the transformed tissue. In 
almost all the specimens the B-FN isoform was confined to 
areas of variable extension of the tumor mterstitiurn which 
surrounded or divided tumor cell nests of variable size. 
Staining was seldom found to outline scattered individual 



Table L Reactivity of Normal Adult Tissues with 
mAbs BC-1 and IST-4 

BC-1 



Brain (2) 
Lung (3) 
Breast (3) ^ 
Stomach (4) 
Duodenum (3) 
Colon (3) 

Liver (2) ^ 
Pancreas (1) 
Kidney (4) 
Urinary bladder (2) 
Prostate (2) 
Testis (2) 
Endometrium (2) 
Spleen (2) 
Lymphnode (2) 
Skin (6) 
Thymus (2) 
Thyroid (2) 
Meninges (2) 
Skeletal muscle (1) 
Choroid (2) 
Retina (2) 
Synovia (2) 
Ovary (2) 
Fallopian tubes (4) 
Myocardium (1) 
Choroid plexus (1) 
Placenta (2) 
Myometrium (4) 
Celomic epithelium (2) 



+ 
+ 



+ 
+ 



+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



cells. A frequent feature was the presence of the B-FN iso- 
fonn in the vascular intima which was never present in nor- 
mal adult tissues with the exception of some ovarian vessels. 

also tested, with the mAb BC-1, three cutaneous scars 
(10-30 d old), and different benign and chronic inflammatory 
lesions: four breast fibroadenoma and one adenofibroma, five 
prostate hyperplasia, two fibrocystic disease samples, four 
gynecomastia, four urinary bladder and colorectal polyps, 
14 intradermal nevus, two angioma, two ovarian cystoade- 
noma, two thyroid adenoma, one neurofibroma, two liver 
cirrhosis samples, and two hydatidosis cysts. All of them 
were found negative with the exception of the breast 
adenofibroma, which was variably positive in some intersti- 
tial areas. 



IS ™ Discussion 



> H In contrast to FN from normal human fibroblasts, in which 
the ED-B<ontaining molecules (B-FN) are barely detectable, 
in FN from SV-40-transformed cells the B-FN isoform rep- 
resents ~3(M0% of the molecules. This is due to a different 
splicing pattern of FN pre-mRNA which leads, in trans- 
formed cells, to high level expression of die exon ED-B (44). 

In this paper we report on die production and characteriza- 
tion of an mAb (BC-1) which recognizes an epitope within 

: the EEMB sequence. This localization has been established 
on the basis of the following results, (a) In immunoblotting 
experiments, the mAb BC-1 does not react with plasma FN; 
it shows a barely detectable reaction with FN from normal 



Table II. Reactivity of Fetal (8-10-wk) Tissues with 
mAbs BC-1 and IST-4 





BC-1 


BT-4 


Brain cortex 


+ 


+ 


Liver 




+ 


Colon 




+ 


Skin 




+ 


Kidney 




+ 


Stomach 


+ 


+ 


Thymus 




+ 


Lung 


+ 


+ 


Jejunum 


+ 


+ 



The cumber of individuals from which the tissues were obtained is indicated 
in parenthesis. The mAb BC-l is specific only for the B-FN isoform, while the 
mAb IST-4 recognizes all different FN isoforms. 



The mAb BC-1 is specific only for the B-FN isoform while the mAb IST-4 
recognizes all different FN isoforms. In the same tissues and in those of the 
duodenum, spleen, pancreas, and urinary bladder of a 26-wk-oW fetus, only 
the stomach and duodenum were found positive with the mAb BC-1. 
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Figure 5. Study of the distributi n of the B-FN isofbrm in human fetal, adult, and tumor tissues by indirect tnimunoperoxklase staining 
using the mAb BC-1. The mAb BC-1 does not react with adult stomach but shows a positive reacti n along the basement membranes, 
(arrowheads) and in the wall of the submucosal vessels of the fetal stomach and in the septa of the gastric carcinoma. The mAb BC-1 
does not react with the adult lung parenchyma but reacts with the basement membrane of the developing bronchia (arrowheads) and the 
wall of the submucosal capillaries of the fetal lung and the septa of the lung carcinoma. The mAb BC-1 shows positive reaction tn the 
interstitium of the ovarian carcinoma, a punctuated pattern of staining with meningioma and outlines the boundaries of the cells in malignant 
melanoma. All these tissues showed a strong positive reaction when tested using the mAb IST-4 which recognizes all different FN isoforms. 
Bar, 10 pm. 



Table ///. Reactivity of the mAb BC-1 with Primary 
Tumors of Various Histotypes 



T»TTTVW fVTV 
1 UlllUi 


Pfumuci |H/»uivcf 
Number tested 


Stomach adenocarcinoma 


3/7 


Pancreas adenocarcinoma 


0/3 


Liver adenocarcinoma 


2/7 


Colon adenocarcinoma 


2/10 


Kidney clear cell carcinoma 


4/8 


Urinary bladder carcinoma 


4/8 


Prostate adenocarcinoma 


1/5 


Ovary adenocarcinoma 


2/8 


Endometrium adenocarcinoma 


1/6 


Skin carcinoma (mixed histotypes) 


3/8 


Thyroid adenocarcinoma 


1/8 


Lung carcinoma (mixed histotypes) 


7/13 


Breast adenocarcinoma 


j/ 1 j 


Skin and ocular melanoma 


9/20 


Brain tumor (mixed histotype) 


4/13 


Brain meningiomas 


13/13 


Sarcomas (mixed histotypes) 


3/15 


Total 


62/165 



All tumors tested were strongly positive with mAb 1ST-4 which recognizes all 
different FN iso forms. The mAb BC-I recognizes only the B-FN isoform. 



human fibroblasts but shows a very strong reaction with FN 
from SV-40-transformed fibroblasts (Fig. 1). These results'* 
are in agreement with those previously reported showing the 
absence of B-FN isoform in plasma, a very small amount in 
FN from normal fibroblasts, and a large amount in FN from 
SV-40-transformed fibroblasts (44). (b) Immunoblotting ex- 
periments, using different FN fragments, demonstrated that 
the mAb BC-1 reacts with an epitope localized in the central 
part of the 120-kD domain 4 (which contains the ED-B se- 
quence) but does not react with the same don^n lacking the . 
ED-B sequence (110 kD) (Fig. 2). (c) The mAb BC-1 reacts 
with the fusion protein XF2 which contains the ED-B se- 
quence, but does not react with the fusion protein XF6c 
which is identical to XF2 except that it lacks the ED-B se- 
quence (Fig. 3); this also demonstrates that the mAb BC-1 
recognizes a primary sequence epitope. ^ ■ - ; V 
v Previously, Matsuura and Hakomori (25), using the mAb 
roC-6, suggested the existence of a domain present in FN 
from tumor and fetal tissues, but absent in FN from normal 
adult tissues. We exclude the possibility that die iriAbFDC-6 
recognizes an antigenic determinant within the ED-B se- 
quence since rite authors have localized this epitope within 
die mCS sequence (see Fig. 1). Furthermore, the mAb 
FDC-6 does not recognize a primary sequence epitope (26). 

Using the mAb BC-1 we compared the amount of the 
B-FN isoform in a panel of FNs from normal, tumor-de- 
rived, and transformed human cell lines using die dot-blot 
technique. The results demonstrate that the B-FN molecules 
are clearly detectable only in FNs from the SV-40-trans- 
formed, WI-38VA13 cell line and from the rhabdomyosar- 
coma cell line RD. Furthermore, the use of a more sensitive 
technique demonstrated that all the transformed cell lines 
tested produce FN in which the percentage of molecules con- 
taining the ED-B sequence is higher than in FN from normal 
human fibroblasts (Zardi, L., L. Bossi, and & Caraemolla, 
manuscript in preparation). This increase of B-FN in trans- 
formed cells, with respect to normal cells, observed using 



die mAb BC-1 is in agreement with the data previously 
reported both at the mRNA and at the protein level (44). 
However, Schwarzbauer et al. (33) and Norton and Hynes 
(28) did not observe any significant increase in the relative 
amount of ED-B containing FN mRNA in transformed em- 
bryonic rat and chicken cells compared to the normal coun- 
terpart. At this moment, we cannot explain die differences 
between the above mentioned data and ours. Analysis, both 
at the protein and mRNA level, of larger panels of cultured 
cells from different species may be useful in clarifying these 
discrepancies. Furthermore, Castellani et al. (8) and Borsi 
et al. (5) have demonstrated that FNs from transformed or 
tumor-derived cells are composed of a population of mole- 
cules in which both the IOCS and ED-A sequences are ex- 
pressed more than in FN from normal cells. The reason why 
tumor cells tend to express more of the FN sequences regu- 
lated by alternative splicing mechanisms has yet to be estab- 
lished. 

The observed increased expression of the B-FN isoform in 
transformed, compared to normal, cell lines prompted us to 
study the distribution of die B-FN isoform in primary tumors 
of various histotypes and in normal adult and fetal tissues. 
In contrast to die widespread distribution of other FN iso- 
forms, only a few normal adult tissues showed the presence 
of the B-FN isoform (see Table I). Unlike normal adult tis- 
sues, 38% of the 165 tumors tested displayed considerable 
levels of the B-FN isoform. It was distributed in the inter- > 
stitium which surrounded the tumor cells, and in the vascular 
intima which in normal tissues was only detected in some 
ovarian vessels. Hie incidence of positive turftors was vari- 
able within type, with the exception of meningioma in which 
13 cases out of 13 showed a positive reaction with die mAb 
BC-1. We have been unable to find any correlation between 
the presence of B-FN and the degree of tumor differentiation 
or histotype! This leaves the question open as to why some 
tumors show the presence of B-FN and others do not. An- 
other unanswered question is whether the B-FN isoform is 
produced by the tumor cells or by die mesenchymal cells 
which surround the tumors. One possibility is that die tumor 
cells release factors) which stimulate the mesenchymal cells 
to synthesize the B-FN isoform. On the other hand, B-FN 
~ was absent from all the benign lesions, chronic inflammatory 
lesions, and cutaneous scars tested, with the single exception 
of a breast adenofibroma which displayed staining in only a 
few areas of the interstitium. In tissues from 8-10-wk-old fe- 
tuses, thef B-FN isoform is more highly represented com- 
pared to adult tissues, but in those from 26-wk-old fetuses 
only die stomach and duodenum were found positive. These 
data are in agreement with those of Norton and Hynes (28) 
showing that B-FN mRNA was the predominant form in total 
embryo RNA from 2.5 to 11 d after fertilization. 

These results clearly show a switching in the accumulation 
of the different FN isoforms associated with human ontogen- 
esis and die reverse process associated with oncogenesis. 
The presence of the B-FN isoform in foal tissues and its 
reappearance in tumors suggests that B-FN may play a role 
common to both situations and strongly indicates that trans- 
formation alters the splicing pattern of FN RNA towards that 
characteristic of fetuses. 

Alternative RNA splicing is an important and widespread 
mechanism of gene regulation. The differential expression of 
exons into mature mRNAs is often under developmental 
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ami/or tissue-specific regulation. It has been suggested that 
alternative splicing may be regulated by information encoded 
in the gene transcript (cis) but may require diffusible 6c- 
tor(s) (trxms) that may be responsible for the developmental 
and/or tissue-specific regulation of splicing (3, 4, 13. 23, 30). 
Since transformation is associated with a deep modification 
of gene expression, it is not surprising that such a fine mech- 
anism of gene regulation, as RNA splicing, may be altered 
in transformation. The alternative splicing of messenger 
RNA precursors in tumor cells and the biological fiinction(s) 
f the sequences which are variably expressed may be fertile 
future research areas. 
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ABSTRACT 

The molecular diversity of fibronecii , arises from alternative RNA 
splicing at regions termed ED-A, ED-B, and IHCS. We investigated the 
splicing patterns of Obroitectin pre-mRNA at both ED-B and 1IICS re- 
gions in various human liver tissues with an emphasis on the expression of 
the alternative celt adhesive site CS1 within the IHCS region, The relative 
abundance of the fibronectin mRNA containing the CSI sequence was 
significantly increased in both ietal and cancerous liver tissues, although 
it was not affected in nonmaiignant tissues with chronic hepatitis and 
cirrhosis. Similarly, the relative p Sundance of the fibronectin mRNA con- 
taining the ED-B region was also increased in both fetal liver and liver 
tumors, showing a close parallelism with the splicing pattern a* the ED-A 
region. Immunohistochemical examination of carcerous liver tissues with 
monoclonal antibodies directed to the ED-A and ED-B segments revealed 
that the fibronectin isufonns containing these extra peptide segments were 
specifically deposited in the tumor nodules. Other genes encoding kinlno- 
gen, 7 chain of fibrinogen, and ^amyloid protein precursor, all of which 
had been shown to be alternatively processed, did not show any significant 
alteration in the splicing pattern In cancerous liver tissues. These results 
indicate that the alternative splicing or fibronectin pre-mRNA at the 
ED-A, ED-B, and IHCS regions is coordinate^ modulated in both fetal 
and cancerous liver tissues toward inclusion of the extra peptide segments 
and that not all but only selected genes are susceptible for 'line tuning" of 
alternative RNA splicing in cancerous liver tissues. 

INTRODUCKON 

FNs 4 are adhesive glycoproteins (M r 250,000-270,000) present in 
various body fluids and extracellular matrix. The monomer subunits 
are connected by disulfide bonds near the carboxyl terminus to yield 
dimeric and multimeric molecules (see Rg. 1). FN subunits are com- 
posed of three internally homologous repeats, termed types I, ii, and 
111 (1). These homologous repeats are assembled into a series of 
functional domains capable of binding to such ligands as fibrin, he- 
parin, certain types of bacteria, and cell surface adhesion receptors 
termed integrins (see Refs. 2-4 for recent reviews). Through binding 
to these extracellular ligands, FNs play an important role in the at- 
tache ent and spreading of cells and in three-dimensional organization 
of exfc aceliular matrices (see the reviews above). 

FNs prepared from various cells and tissues have similar properties 
but differ in their subunit size (5. 6). Recent studies have revealed that 
multiple FN isoforms are generated from a single pre-mRNA by 
alternative splicing at three distinct regions referred to as ED-A, 
ED-B, and IHCS (7-11). ED-A and ED-B regions, both representing 
extra type HI repeats, are encoded by individual cassette exons which 
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are alternatively excluded from the mature mRNA (10-13). Alterna- 
tive RNA splicing at each of these regions gives rise to two isoforms 
with and without respective ED sequences. IHCS is encoded as a part 
of the exon encoding the 5' half of the last type III repeat which 
contains internal donor and acceptor sites for optional splicing within 
the exon (14, 15). Five mRNA variants (Variants 1-5) arise from a 
single pre-mRNA by alternative splicing at this region. Up to 20 
different FN isoforms could be generated, u . . *he combinations 
among alternatively spliced variants at the ED-A, ED-B, and HICS 
regions are possible. 

Although the physiological roles of the ED-A and ED-B segments 
have been only poorly understood, the amino-terminal 25 residues of 
the IHCS region, often referred to as CSI. were shown to have a 
selective adhesive affinity for lymphoid cells and some tumor cells 
1 1 6, 17). Another cell adhesive site was also identified within the 
carboxyl-terminal 31 residues of the HICS region and referred to as 
CSS, although/ the adhesive activity of the CSS segment was much 
weaker than that of the CSI segment (i6). It has been shown that 
imegrin a 4 3,, a novel FN receptor distinct from the integrin a 5 Pi 
recognizing the Arg-Gly-Asp sequence within FN, binds specifically 
to the CSI segment (17, 18). The CSI region functions as an alter- 
native cell attachment signal for certain cell types and plays an im- 
portant role in cell adhesion and migration during embryogenesis and 
tumor metastasis (19, 20). 

Alternative splicing at ED-A, ED-B. and HICS regions has been 
shown to be regulated in a tissue-specific and developmental stage- 
specific manner (8, 21-23). We have reported that the tissue-specific 
alternative RNA splicing at the ED-A region is deregulated in malig- 
nant liver tumors so as to increase ED-A-containing (ED-A + ) FN 
mRNA (24) The increased expression of the ED-A + mRNA closely 
correlated with rhe malignancy of the liver tumors. The deregulated 
alternative splicing at the ED-B region was also observed in hing 
cancer tissues (25). ?• r 

Recently we found that alternative pre-mRNA splicing of tenascin, 
another major component of extracellular matrix; was also deregu- 
lated in lung cancer tissues (26). These observations raise the ques- 
tions of whether the expression of the ED-B region and/or the CSI 
region is also perturbed during carcinogenesis and whether the alter- 
native splicing of other hepatic gene transcripts ic also deregulated in 
the same manner. In the present investigation, we analyzed the pat- 
terns of alternative splicing at both the ED-B and IHCS regions in 
various human liver tissues in order to better understand the in vivo 
regulation of ED-B and CSI expression. We present evidence that the 
expression of the three alternatively spliced regions is coordinately 
mouuiaied in ihe iivcr during organogenesis and carcinogenesis. 

MATERIALS AND METHODS 

Nuclease SI was purchased from Boehringer Mannheim Yamanouchi 
(Tokyo. Japan). All DNA-modifying enzymes and pUCl 19 were from Takara 
Shuzo (Kyoto, Japan). |o>"PldCTP was from Amersham. pGEM3 was ob 
tained from Promega (Madison. Wl). All oligonucleotides were synthesized on 
an Applied Biosystems 391 DNA synthesizer (Foster City. CA) using the 
phosphoramidite method. Human 0-acun cDNA was purchased from Wako 
Pure Chemicai Industries (Osaka. Japan). 
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Tissues. HCC tissues as well as the surrounding nontumorous tissues were 
obtained from the surgically resected specimens for pathological examination. 
The tissue specimens were immediately frozen at -85°C after surgical resec- 
tion. Tissue specimens with chronic hepatitis and cirrhosis were obtained from 
the nontumorous area distal from the tumor nodules. Fetal liver tissues were 
obtained from fetuses of 16-27-week gestations at autopsy after therapeutic 
abortions. Informed consent was obtained from parentis ) for examination of 
the fetal tissues according to the Guidelines for Experiments Using tiuman 
Organs and Tissues issued by the Japanese Association of Obstetrics and 
Gynecology. The numbers of each tissue specimens obtained from different 
individuals were as follows: normal adult liver.* 5; fetal liver, 5: liver with 
chronic hepatitis, 6; liver cirrhosis. 10; hepatocellular adenoma, I; Type I 
HCC. 7; Type 2 HCC, 10; HCC transplanted in nude mice. 2. All HCCs 
examined in this investigation were less than or equal to 3 cm in diameter and 
were classified into two groups on the basis of absence (Type I ) or presence 
(Type 2) of extranodular tumor growth (27). 

Preparation of RNA. Total RNA was prepared from 0.5-2.0 g of frozen 
tissue as described previously (22. 28). 

Probe DNA for Nuclease SI Protection Analysis. The probe DNAs for 
nuclease SI protection am *>sis of the ED- A and ED-B regions were prepared 
as described (25). The probe DNA for the HICS region was prepared from FN 
cDNA by PCR amplification using 5'-ACTGTGTGGGT/.CAGCTG-3' (cor- 
responding to bases 852-870 of the FN cDNA sequence reported in Ref. 8) and 
5 '-GTCAC AG AGGCTACTAT- 7 ' (corresponding to bases 1280-1296 in Ref. 
8) as forward and reverse primers, respectively. cDNA synthesis and subse- 
quent PCR reaction were performed as described previously (26). The ampli- 
fied DNA was electrophoresed on 6* poly aery I amide gel. and the cDNA 
fragment with an expected size He., 444 base pairs) was recovered from the 
gel and phosphorylated at the 5' end with T4 polynucleotide kinase. The II ICS 
cDNA fragment was subcloned to pUCI 19 at the Sma\ sites. The insert was 
then excised by double digestion with HpaU and HindlU to give rise to a 448 
base fragment, of which the 3' 35 bases were derived from the poly linker 
region of pUCH9. 

The probe DNA for human kininogen was prepared from the kininogen 
cDNA HTPI 1529 (29), which was kindly provided by Dr. Iwao Ohkubo (Shiga 
Medical College). The plasmid was double digested with HindlU and HinjX. 
and the resu Vng 433-base pair fragment was purified upon agarose gel elec- 
trophoresis. Tne 3' recessed end was filled in with the Klenow fragment of 
DNA polymerase I. The DNA fragment was then digested with 5uu3AI. and 
the resulting fragment (169 base pairs) was subcloned into the BamHUSmaX 
site of pGEM3. The resulting plasmid was digested with SauiM and PvuW to 
yield the 229-base pair fragment, of which the 5' M69 bases we're derived from 
HTPI 1 529 and the 3' 60 bases were from pGEM3. - " J 
--- The DNA probe for the y chain of human fibrinogen (bases 127 1 -I' 392;" Ref. ' 
30) was prepared from the cDNA clone pHI>2 (kindly provided by Dr. D. \V. 
.Chung. University of Washington) by PCR amplification using 5'-ACTTG- 
GAAAACCCCGGTG-3* and 5'-ACGTCTCCAGCCTGTTT-3' as the forward/ 
and reverse primers. The amplified cDNA fragment was recovered from the gel 
and phosphorylated at the 5' end with T4 polynucleotide kinase. The fibrino- 
gen y chain cDNA fragment was subcloned to pUCI 19 linearized by digestion 
with Smol. The resulting plasmid was digested with HpaU and HindlU to yield 
a 1 46- base pair fragment, of which the 3' 35 bases were derived from the 
poly linker region of pUCH9. 

The DNA probe for human APP was prepared as described previously (31). 

Probe DNAs for Quantitation of FN and 3- Ac tin mRNAs. The DNA 
probes for the quantitation of FN and fJ-actin mRNAs were prepared from the 
234-base pair BamHUP\u\\ fragment of human FN cDNA clone pFHI 1 1(8) 
and the 443- base pair Hinfl fragment of human 3-actin cDNA. respectively, as 
described previously (26;. 

Preparation of J' End-labeled DNA Probe. The DNA probes were la- 
beled at the 3' end by the end-filling reaction with the Klenow fragment of 
DNA polymerase I using |o-*-PIdCTP and subjected to strand separation in 
order to recover the 12 P-labeIed antisense strand DNA. 

Nudease St Protection Analysis. Nuclease SI protection analysis was 
performed according to the method of Berk and Sharp (32). The 3' end- labeled, 
single-stranded DNA probe was hybridized with 5-10 : ? of RNAs extracted 
from various liver tissues in 30 pi of 40 m.M piperazine-AAAT-bist^-ethane- 
sulfonic acid) buffer (pH 6.4) containing I ntM EDTA. 0.4 m NaCI. and 80* 
formamide at 43°C (probe for ED-B region), 49°C (probes for kininogen. y 



chain of fibrinogen, and APP). or 53°C (probes for ED- A and UICS region) for 
18 h. The UNA/RNA hybrids were digested with 800 units of nuclease SI at 
37°C for 30 min as described 124. 25). The nuclease-resisujit fragments were 
analyzed by electrophoresis on 6** polyacrylamide sequencing gels containing 
7 m urea and subsequent autoradiography. Relative radioactivities of the nu- 
clease -resistant fragments were determined by a Fujix Bioimage Analyzer 
BAI00 using phosphor imaging plates. 

For quantitation of the expression level of total FN mRNA. the 234-base 
pair BitmHUPi'uW fragment of pFH 1 1 1 was hybridized to RNA together with 
the 0-actin DNA probe and subjected to digestion as described above. The 
level of FN mRNA was determined from radioactivities associated with the 
protected fragment after normalization against radioactivities associated with 
the protected /J-aclin DNA probe. 

Immuncbistochemistrv. Fresh tissue specimens were fixed in 100% cold 
acetone at 4°C and embedded in paraffin. Thin sections were cut at a thickness 
• of 3 um and stained with monoclonal antibodies I ST- 9 and BC- 1 (generous 
gifts from Dr. Luciano Zardt. Isiiiuto Nazionale per la Ricerca sul Cancro. 
Genoa), specific to the ED- A and F.D-B p., " segments, respectively i33. 
34). by using the avidin-bioiin complex method. 

RESULTS 

Oncodevelopmental Regulation of CSI Expression in Liver Tis- 
sues. Alternative splicing ui the 1 1 ICS region potentially generates 
five mRNA variants (sec Fig. 1). Alternative splicing at this region 
was analyzed by nuclease SI protection analysis using as a pa >e the 
antisense strand cDNA covering the 5' 335 bases of the HICS se- 
quence. The probe ON A and its putative fragments protected by five 
mRNA variants are schematically illustrated in Fig. 2. The Variant I 
mRNA containing both CS I and CSS sequence should fully protect 
the probe DNA except for the 5' 35 bases derived from the cloning 
vector. The Variant 2 mRNA containing the CS I but lacking the CSS 
sequence should partially protect the probe DNA due to mismatching 
after the central 192-base pair sequence. Other mRNA variants. Vari- 
ants 3. 4. and 5. which are devoid of the CSI sequence, should protect 
only the 5' 78 bases common to all variant mRNAs. Although this 
probe cannot individually quantify the relative abundance of the Vari- 
ant 3, 4, and 5 mRNAs, the overall expression of the 7 FN mRNAs 
containing (versus lacking) the CSI sequence can be estimated with 
this probe. * * s - . " : 
. Nuclease SI protection analysis of total RNA : extracted from var- 
ious human liver tissues with the CSI probe DNA yielded all three of 
the expected fragments at different proportions (data hot shown). The 
relative radioactivities of the three fragments thus generated are sum- 
marised in Fig. 3. The Variant I mRNA comprised no more than 10% 
of the total FN mRNA pool in normal adult liver, noncancerous liver 
with chronic hepatitis, cirrhosis, benign adenoma, and HCCs. There 
was no significant difference in the percentage of the Variant I mRNA 
between Type I and Type 2 HCCs. the latter of which was defined as 
HCC with extranodular tumor growth and considered to be more 
malignant than the foitner. The Variant 1 mRNA comprised slightly 
more than 20% of the total FN mRNA pool in fetal liver. 

In contrast to the Variant 1 mRNA. the percentage of the Variant 2 
mRNA was significantly higher in both fetal and malignant liver 
tissues than in nonmalignant adult tissues (Fig. 3B). The Variant 2 
mRNA accounted for 40-5C*% of the total FN mRNA pool in normal 
and nonmalignant liver tissues, whereas the same mRNA species 
comprised 60%, 59%, and 63% in fetal liver. Type 1 HCC, and Type 
2 HCC. respectively. No statistically significant difference was ob- 
served between Type I and 2 HCCs. Histological examination indi- 
cated that the increased expression of the Variant 2 mRNA in HCCs 
was not due to the outgrowth of fibroblasts or infiltration of macroph- 
ages, but rather to the deregulated alternative splicing of FN pre- 
mRNA. This was further supported by the observation that HCC 
tumors transplanted into nude mice, which were free from human 
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fibroblasts or macrophages, also expressed an elevated level of the 
Variant 2 mRNA. . 

Expression of FN mRNAs lacking the CSI sequence, Variants 
3 4 and 5, was inversely correlated with that of Variant 2 mRNA, 
which contained the CSI sequence (Fig. 3C). Variant 3, 4, and 5 
mRNAs (collectively termed CSI" mRNAs) were abundant in normal 
and noncancerous tissues, whereas the percentage of these mRNA 
species within the total FN mRNA pool decreased in both fetal and 
malignant liver tissues. These results indicated that the expression of 
the cell adhesive CSI segment in FN is oncodevelopmentally regu- 
lated in the liver. 
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Coordinate Deregulation of Alternative Splicing at EIK 
ED-B, and HICS Regions in Malignant Liver Tumors. Alternative] 
splicing at two ED exons, i.e.. ED-A and ED-B, generates two rypesj 
of mRNA species, one with and the other without the ED exons (se^ 
Fig. 1). Previously we reported that alternative splicing at the ED-, 
region was deregulated in the malignant liver tumors (24). In order to< 
extend the observation to the expression of the ED-B region, w^j 
compared the splicing patterns of FN pre-mRNA at both ED-A and 
ED-B regions in various liver tissues. Nuclease SI protection analysis^ 
with specific DNA probes for ED-A and ED-B regions revealed a; 
ciose parallelism in the alternative splicing patterns at these two ED; 
regions (Fig. 4). Thus, the ED-B + mRNA was barely detectable in! 
normal adult liver, while more than 10% of FN mRNA in* the fetalj 
liver contained the ED-B exon. In noncancerous liver tissue^ such asj 
those w;t*i chronic hepatitis, cirrhosis, and benign adenoma, the per^ 
centage of ED-B ' mRNA was less than 5%, indicating that the 
alternative^ splicing at the ED-B region was not affected > thes^ 
nonmaUghaht diseases. ■ I 

In contrast, malignant HCCs. both Types I and 2, expressed * 
significantly elevated percentage of the ED-B + mRNA, as was thr 
case with the ED-A* mRNA. Further support for the elevated ex- 
pression of the ED-B 4 mRNA in HCCs was obtained with HCf 
transplants in nude mice where nearly one-half of the total FN mRH 
contained the ED-B exon. More pronounced expression of the ED-B 
mRNA in HCC tr?nsplams than in primary tumors could be due to tl 
phenotypic drift associated with successive passage of the tumors i ^ 
nude mice. These results, taken together, clearly indicated that alter^ 
native splicing of FN pre-mRNA at the ED-A and ED-B regions wasL 
coordinated regulated in liver tissues in an oncodevelopmental mani 
ner. It should be also noted that there was a close parallelism amon| 
the splicing patterns at all three alternatively spliced regions, La 
ED-A, ED-B, and HICS. in cancerous and noncancerous liver tissues* 
indicating that alternative splicing at these regions was simultaneously 
deregulated in liver cancer. ' 

Despite the clear alterations in the alternative splicing patterns oil 
FN pre-mRNA, the level of the total FN mRNA expressed was not] 
significantly different between noncancerous and cancerous liver us- \ 
sues, including HCC transplanted ;n nude mice (Fig. 5). These results . 
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Kininogen gene, a gene encoding ihe precursor protein for vasoac- 
tive kinins, generates two forms of Wninogens, high-molecular-weight 
and low-molecular- weight kininogens. due to alternative usage of the 
3' end exons (29). In normal adult liver, mRNA for low-molecular- 
weight kininogen comprised about 80% of the total kininogen mRNA 
pool while the mRNA for high-molecular- weight kininogen ac- 
counted for only 20% (Fig. 7). The percentage of the low-molecular- 
weight kininogen mRNA was essentially the same in all the tissues 
from chronic hepatitis, cirrhosis, and HCCs, indicating that the alter- 
nate spiicine of kininogen mRNA was not affected during the course 
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indicate that the FN gene -expression is perturbed qualitatively, but not 
quantitatively, in liver cancer tissues. ' ' 

Oncodevelopmental expression of the 2D-A * and/or ED-B his 
mRNA was further demonstrated at the protein level by immunohis- 
tochemistry of HCCs with monoclonal antibodies specific to these 
extra peptide segments. Monoclonal antibody IST-9. specific to the 
EDA segment, specifically immunostained the tumor vessels and 
other connective tissues of the tumor nodules, including the tibrous 
capsules (Fig. M). The surrounding normal tissue was negative tor 
immunostaining. A similar staining pattern was obtained with mono- 
clonal antibody BC-I. specific to the ED-B segment, although the 
intensity of the staining was less pronounced than for 1ST-V (Fig. otf ). 
These results confirmed that the FN isufivim comaming these extra 
peptide segments were synthesized and secreted by liver tumor cells 
and deposited at the surrounding extracellular matrix. 

Alternative Splicing of Pre-mRNAs for Kininogen. Fibrinogen, 
and 0-Amyloid Protein Precursor. We next tested whether alterna- 
tive pre-mRNA splicing of other gene transcripts was similarly de- 
regulated in malignant liver tumors. Three genes which are relatively 
abundantly expressed in the liver and processed by alternative RNA 
splicing were chosen to examin- the splicing patterns in noncancerous 
and cancerous liver tissues. 
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Fig. 6. Immunahistochemical localization of thv- 
ED-A* and ED-B* FN isoforms in liver tumor 
tissues. Tissue specimens from Type 2 HCC were 
immunostaincd with monoclonal antibodies 1ST-9 
Ml and BC-1 iBh specific to the ED- A and ED-B 
peptide segments, respectively, using the avidin- 
biotin complex method, m. tumor nodule; n, normal 
liver tissue; r. fibrous capsule. 
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Fig. 7. Patterns of alternative splicing of human kininogen prc-mRN A in nonmalignani: 
and malignant liver tissues. Ordinate, percentage of LMW | \) and HMW (■) kininogen? 
mRNAs within the total kininogen mRNA pool. . - i 



of liver carcinogenesis. Neither form of kininogen mRNA was detect^ 
able in fetal liver by nuclease SI protection analysis. ^ 

The gene encoding fibrinogen 7 chain was also processed by alg 
temative splicing, yielding a minor variant form 7', which differs! 
from 7 chain in the amino acid sequence after Gln-407 (35). Tu& 
percentage of the fibrinogen V chain mRNA in normal adult liver wasj 
no more than 10% of the total fibrinogen mRNA pool and remained^ 
unchanged in noncancerous and cancerous liver tissues (Fig; 8). Nei- 
ther form of fibrinogen mRNA was detectable in fetal liver. 

The third gene we examined was the gene encoding APR APP is a 
precursor protein of the 0-amyloid accumulating in the brain of Alzhe- 
imer's disease patients (36) and exists as three major isoforms, APP- 
695. APP-751, and APP-770 (37, 38), the latter two of which contain 
an alternatively spliced segment homologous to Kunitz-type serine 
protease inhibitor. Nuclease SI protection analysis with the antisense 
stand DNA probe partially covering the exon encoding the protease 
inhibitor domain showed that there was no significant difference in the 
relative abundance of the mRNA species for APP-695, APP-751, and 
APP-770 among normal, noncancerous, and cancerous liver tissues 
(Fig. 9). The relative abundance of the three different mRNA species 
was essentially the same in fetal liver (data not shown). Taken to- 
gether, these results suggest that the deregulation of the alternative 
splicing in malignant liver tumors is not ubiquitous phenomenon 
among all the genes being subjected to alternative RNA splicing, but 
rather is specific for fibronectin and some other selected genes. 
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DISCUSSION 

Many lines of evidence indicated that M^ite-specific alternative 
splicing of FN pre-mRNA is oncodevelopmenu.,1/ regulated in vivo 
and in vitro (2 1-25. 33. 34, 39). In the liver, both the ED-A and ED-B 
exons are almost exclusively spliced out of the mature FN mRNA in 
■ adult tissues, ahnough a significant percentage of the FN mRNA pool 
in fetal liver contains these extra exons (22, 23). Our present data 
clearly showed that not only the ED-A but also the ED-B exon was 
coordinately spliced in the FN mRNA expressed in cancerous liver 
tissues, indicating that the tissue-specific alternative splicing at the 
two ED exons was simultaneously deregulated in liver cancer Besides 
the ED-A and ED-B regions, the alternative splicing at the IIICS 
region was also deregulated in cancerous liver tissues with a signifi- 
cant increase of the CST mRNA species. These observations pro- 
vided direct evidence for the coordinate deregulation of alternative 
splicing of FN pre-mRNA at all three variable regions in a particular 
type of human cancer. 

Although the physiological significance of molecular diversity of 
FNs at three variable regions has been only poorly understood, several 
lines of evidence indicated that the splicing variations at the IIICS 
region modulate the adhesive and migratory properties of cells (16, 
19. 40). Thus, the CS1 region contains the adhesive motif EILDVPST, 
which selectively mediates adhesion of lymphoid cells and some 
tumor cells (16, 17) and promotes migration of neural crest cells in 
vitro { i9). The alternative splicing at the CS 1 region was also reported 
10 modu ate wxll migration of aortic endothelial cells bu^not smooth 
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Fig. H. Patterns of alternative splicing of human fibrinogen y chain pre-mRNA in 
nonmalignani and malignant liver lissues. Ordinrte. percentage of y chain t i ) and V 
chain (B) mRNAs within the total fibrinogen y chain mRNA pool. 
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miA^u ANTTROniES WITH PAN-SPECIES RECOGNITION OF THE 
^^^^^^^UiBKER FIBRONECTIN ED-B DOMAIN 

Barbara CaknemOU.. Dario NaaJ. Patrizia CAirrELLAN,' Alessandra Itn**. Giovanni NbrP. Alessandro P^, 
Greg Winter 2 and Luciano Zardi" Cambridge Centre for Protein Engineering, 

inserted by splicing) is present in the stroma of toetai ana 
/tissues Ind in adult and neoplastic blood vessels 
durinTangiogenesis but is undetectable in mature vessels J>-rs 
fsoW, therefore, -presents a promismgmar^r for angK^ 
esis. as already shown using the mouse monoclonal antiDooy 
(MAbTllC- 1 directed against an epitope on human M N 
However this MAb does not directly recognise the human ED-B 
domaTn nor doesit recognise B-FN of other species; therefore, 
ft c™ be US ed as a mlrWr of angiogenesis in anima models. 
InTrinciple, antibodies directed against the human ED-B 
domain should provide pan-species markers for WgoganMsa* 
*e sequence of this domain is highly conse rved ™J*££ 
ie^and identical in humans and mice). As it has proved 

dfficuTt toobtain such antibodies by W^.^*™^™* 

used phage display technology. Here, we dac*te"to« 

of hum Jantioody fragments against t*e human ^".mam 

that bind to human, mouse and chicken B ' F * * 

immunohistochemistry, the antibody ^ents ^ 

neoplastic tissues and the human, mouse and cnicKen 

neovasculature. 
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Durine tumour progression, the extracellular matrix of the 
tissues Tn which a tumour grows is remodelled through proteo- 
lytic degradation of the extracellular matrix components and 
byneoslnthesis of extracellular matrix components by both 
neoplastic cells and stromal cells). This generates a "tumoral 
extSular matrix" which differs from that of normal tissues, 
ifa^rl that this tumoral extracellular matnx generates^ 
more suitable environment for tumour progression (mductwe 
Td/or instructive), of which angiogenesis is a crucial step 
(Folkman, 1995; Van den Hoff, 1988; R.sau and Lemmon, 
1988). 

The tumoral extracellular matrix contains several tumour- 
associated" antigens that are, in general, more abundant and 
possibly more sttble than "tumour-associated" antigens of the 
cell surface. Among these components are the large isoforms 
generated by a modified pattern of alternative splicing of the 
mRNA precursors of tenascin and fibronectin FN) (Borsi * 
al Wlb, Carnemolla et aL, 1989; Castellani et al, 1994, 
Kaczmarek etal, 1994; Leprini et al, 1994). 

FNs are high-molecular-mass adhesive glycoproteins pre- 
sent in the extracellular matrix and body fluids. These mol- 
ecules are involved in different biological processes sue as 
the establishment and maintenance of normal cell morpho - 
oev cell migration, haemostasis and thrombosis, wound heal- 
mfand oncogenic transformation (Hynes, 1990 and references 
herein). FN polymorphism is due to aUernat.ve sp hcmg 
iat erni in 3 regions (IIICS, ED-A and ED-B) of the single FN 
primary transcript as well as to post-translational modifica- 
tions.^ transformed cells and in malignancies the spUc.ng 
pattern of FN-pre-mRNA is altered (Caste l\zm etal 1986, 
1994- Borsi et al, 1987, 1992a; Vartio et al., 1987; Zardi et al., 
mi; Eemollaef al, 1989; Oyama^t, 1989; »k« 
al 1994) leading to an increased expression of FN isoforms 
containing the IIICS, ED-A and ED-B sequences. 

In particular, the FN isoform containing the ED-B sequence 
(B-FN) (Zardi et aL, 1987), which, with some very rare 



exceptions, is undetectable in normal adult tissues, exhibits a 
much greater expression in foetal and tumour tissues as well as 
during^wound healing (Zardi et aL, 1987; Norton and Hynes 
1987; Carnemolla et aL, 1989; french-Constant et aL, 1989£ 
Furthermore, B-FN is accumulated aroun d neovascu ature 
during angiogenetic processes (Castellani et al, 1994) and 
thereby provides a marker for angiogenesis. 

One monoclonal antibody (mAb), BC-1, has beer, isolated 
against the human B-FN isoform (Carnemolla et aL, 1989) and 
his been used widely to study angiogenesis. Howeve % this 
antibody does not recognise the "ins erted" ED-B dom am 
directly; it appears to recognise an epitope withui the type 111 
repea 7 which precedes the ED-B (Fig. 1). This epitope is 
cryptic in FN molecules lacking ED-B and unmasked h.n 
molecules containing this domain (Carnemolla ^ 992) 
indeed, it is conceivable that the cryptic epitope in FN could be 
unmasked in other circumstances. Furthermore the antibody 
BC-1 is highly specific to human B-FN and does not bind 
mouse or chickenB-FN; therefore, it cannot be used to follow 
angiogenesis in animal models. 

As the sequence of the ED-B domain is highly conserved in 
different species (and identical in humans and mice), antibod- 
ies directed to the ED-B domain should provide a pan-species 
marker for angiogenesis. Perhaps due to the conservation of 
sequence ° it his proved difficult to obtain such ant.bod.es by 
hySma technology. Rabbit polyclonal antibodies to the 
ED-B sequence have been produced (Peters et al 1995). 
However in addition to the intrinsic limitations of polyclonal 
ante's, these reagents require treatment of FN or tissues 
with N-glycanase. 

Here, we explored the use of phage display technology 
(Smith, 1985; McCafferty et aL, 1990; for review see Winter et 
al 1994) to isolate human antibody fragments binding directly 
to'the human ED-B domain. Repertories of single-chain Fv 
ragmenMHuston et al., 1988; Bird et al, 1988) derived from 
hS2 V-gene segments (Nissim et aL, 1994) were displayed 
Sn phage 8 and selected using the immobilised recombinant 
hunLn ED-B domain. The antftody fragments secrete into 
bacterial cultures (Skerra and Pluckthun, 1988, Better et at., 
1988 Glockshuber e ( al., 1991) were characterised by binding 
to FN isoforms and fragments and by immunohistochemistry. 



MATERIAL AND METHODS 
Purification of plasma and cellular FN, thermolysin digestion of 
FNs and purification of tenascin-C 

FN was purified from human plasma and from ^conditioned 
media of the WI38VA13 cell line as previously reported (Zardi 
Ta 1987). Purified FNs were digested with thermolysin 
(Protease type X; Sigma, St. Louis, MO) as reported by 
CamemollaTai, (1989). Native FN-UO kDa (B") and native 
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FN-120 kDa (B*) fragments (see Fig. 1) P^JK 
FN-thermolysin digests as previously reported (Carnemo a « 

described by Carnemolla ef a/., (198V). 



FN-recombinant fragments and fusion proteins 

S^&fr^e 1 SiSfefc* ( Jg*gf - * 

1985) KF10 and XF2 '(Carnemolla e< ^-J^L™ ' 
constructs, which included the bases from 2229 »° J*' 8 ' 
EnbHh t ef a/., 1985), were insertedinto pQ^ 3 ^*™! 
^mDuiiii« , ' . / Qiagen Chatsworth, CA). The 
using the QIAexpress Kit lyuge , purified by 

' recombinants FN-III 2-11 (B ) and (B > w " , V F > 
immunoaffinity chromatography as previously reporie 
(Carnemolla etal, 1989). mhnmn| 
Recombinant FN fragments conta.nin g the type II I h ong- 

B»«lk, CT), and CDNA torn *»%™ 2 ;" d £ ts ) „ a °„ 
FN2-11 (B-) «ilh »PP™P™ ,ed P^rvKmrei and 

cDNA into Xgtll phage. The clone V^JFSX&T* 
Hynes, 1987), used to prepare the ^^^£"£2 » 
^onprotemco^^ 

S^Ke're prepared as described by Carnemolla et 
al (1989). 



^^"phfge iLu, (Nissim * a/., 1994) was. used 

7B89™ e Sen was coated overnight at 4°C on unmuno- 
?ubes (MaxiSoTO Nunc, Roskilde, Denmark) at a concentra- 
l o 50 M/m in PBS (20 mM phosphate buffer, 0 15 M 
NaC l pH 7$ The second antigen used was the recombinant 
2n Tr nentide (Zardi a/., 1987) that was covalently immobil- 
? ; nn ELISA wells (Covalink; Nunc) at 50 |tg/nd by 

toproducing antigen-binding scFv «**"«gj^^ 

Tfffof^^ 
SeXSL« 

ED-B-containing FN fragments. flir !*" 
Two clones were subjected to a process of affinity matura- 

ofthescFv. 



Antibody purification 

Single bacterial colonies were grown at 37 C m 2 x 1 1 
JdEn containing 100 ^"gg"^ J£L^ 
When the cell suspension reached ODooo - 0»> isopropyi P 
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" thiogalactopyranoside (IPTG) *^« W ^" ^Sc^ 
tionof 1 mM and growth continued for 16-20 hr at 30 U Alter 
SrifugTt ion (4,iW 30 min), the "P"™*^*^ 

ratus The resulting solution was loaded onto 1 ml Ni inia 
res^ (Sagen)! washed with 50 ml loading buffer and I eluted 
3? £S> buffer (loading buffer + 100 mM imidazole pH 
7 A\ The nurified antibody was checked by SDb-fAUt anu 
dfa ysI5 vrPBS at Vc. Alternatively scFv(s) were punned by 
fnimunoamniry using the recombinant FN ^entTBW 
coniueated to Sepharose 4B (Pharmacia, Uppsala, Sweden). 
SSSrfllStoof the phage antibodies were measured by 
plasmon resonance. 

ELISA immunoassay. 

Purified FN from plasma or the WI38VA cell line, native or 

tion of 50-100 ,g/m. were ^^J^KS wets 
(Nunc) overnight at 4 c ^"S^" , ■ •„„ iq^rca and 
washed with Pis .^^^SSS^S^ 

incubated 2 hr at 37 C. Alter 4 w ?l n ^ *'" RST v we n sw ere 



Q p A S diluted 1/800 in PBST containing 2 mM MgU 2 , was 
SSltSSe pS incubated 1 hr at 37° <^eg*«*~ 
tinned usine phosphatase substrate tablets (Sigma; in 
dfeSSSuSSoi. P H 9.8, and the optical density measured 
at 405 nm. 

Tissues, immunohistochemical procedures and MAbs 

'SuSinine «» donned «ing a arep.™ *j-b .o.,n 
alkaline phosphatase complex Mining k.l (B 0! P> , 

IS* rSSKfi b3fN isoform; IST-6, which recognises 
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only FN molecules without the ED-B sequence; and IST-4 
which is specific for all FN isoforms. The characterisation of 
these antibodies has been previously reported (Carnemolla et 
al, 1989, 1992). Six-week-old SCID mice were ^jected s.c. 
with 10 6 cells of the murine teratocarcinoma F9 (A ICC). 
Animals were killed when tumours reached a diameter of 
1-1 5 cm. SCID mice were used to avoid background m 
immunohistochemical experiments due to endogenous immu- 
noglobulins. 

RESULTS 

Isolation of 2 human antibody fragments against 
the ED-B domain 

The phage antibody library (Nissim et al, 1994) was selected 
using recombinant FN fragments corresponding to the type 111 
homology repeats 7B89 and ED-B (see "Material and Meth- 
ods"). After 3 rounds of panning of the phage, secreted schv 
fragments from bacterial cultures were screened for binding to 
the ED-B domain by ELISA. Several clones were identified 
with good ELISA signals, which also stained glioblastoma 
multiforme and breast cancer sections. 

Two phage antibody clones, selected with the 7B89 and the 
ED-B FN recombinant fragments, were then subjected to a 
process of affinity maturation in vitro. This yielded clones 
CGS-1 and CGS-2, respectively, with binding affinities to the 
ED-B domain of 53 nM and 1.1 nM, respectively. Sequencing 
of the V-genes of CGS-1 and CGS-2, identified human V ; 
segment DP47 and V x segment DPL-16 with VH-CDR3 
sequences of SLPK and GVGAFRPYRKHE and V X -CDR3 
sequences of NSS-PWLNG-W and NSS-PFEHNL-W, re- 
spectively (Williams and Winter, 1993). 

CGS-1 and CGS-2 are directed to different epitopes within 
the ED-B domain and specifically recognise whole native 
B-FN molecules 

The binding of CGS-1 and -2 to human FN fragments and 
isoforms and to recombinant FN fragments was analysed by 
ELISA (Table I). CGS-1 and -2 recognised the recombinant 
ED-B domain as well as all natural or recombinant FN 
fragments containing this domain but did not bind to FN 
fragments lacking the domain (or to tenascin which contains 15 
type III homology repeats). CGS-1 and -2 did not bind to 
plasma FN, which mostly lacks the ED-B domain (Zardi et al, 
1987), but did bind to FN from the SV40-transformed cell line 
WI38VA, which mostly contains B-FN (Zardi et al, 1987; Borsi 
et al 1992a). Binding of CGS-1 and -2 to B-FN was inhibited 
by the recombinant ED-B domain (not shown). Binding of 
CGS-1 and -2 to recombinant human FN fragments and fusion 
proteins was also analysed by immurioblotting (Fig. 1). As 
expected, the results were consistent with the ELISA data. 



TABLE 1 - IMMUNOREACTION OF scFv OR MAbs 

WIT H DIFFERENT ANTIGENS 1 

IST-6 



Plasma FN 
WI38-VA FN 
nllOJcDa (B~) 
nl20kDa (B + ) 
rec FN7B89 
recFN789 
rec EDB 
rec FN6 
Tenascin 



CGS-1 


CGS-2 


BC-l 


0.07 


0.04 


0.09 


1.16 


0.72 


1.20 


0.03 


0.01 


0.05 


0.82 


0.81 


1.20 


1.11 


1.02 


1.02 


0.01 


0.01 


0.05 


1.21 


1.32 


0.15 


0.01 


0.01 


0.08 


0.01 


0.02 


0.06 



1.73 
1.12 
1.20 
0.02 
0.01 
1.25 
0.04 
0.03 
0.02. 



*The values represent the OD at 405 nm in ELISA after 
background subtraction as reported in "Material and Methods 
and are the mean of 4 replicate experiments which showed no 
more than 10% difference. 



Clearly, CGS-1 and -2 recognise the ED-B domain, whether 
isolated or as part of FN. Indeed, the binding affinities of 
CGS-1 and -2 to B-FN from WI38VA as measured by surface 
plasmon resonance (12 and 2.4 nM, respectively) were similar 
to those of the isolated ED-B domain. This contrasts with 
MAb BC-l, which recognises the B-FN isoform (but not the 
ED-B domain), and with MAb IST-6, which recognises only 
FN lacking the ED-B domain (Carnemolla et al, 1992). 

Immunoblots were also performed with FN from plasma and 
WI38VA cells and with their thermolysin digests (Fig. 2). 
Upon thermolysin digestion, FN from WI38VA cells (mostly 
containing ED-B) generates a major 120-kDa fragment (re- 
peats 2-11 and containing the ED-B domain) and a minor 
110-kDa fragment lacking the ED-B domain (Fig. 2). Further 
digestion of the 120-kDa domain generates 2 fragments: an 
85-kDa fragment (repeats 2-7 and the N-terminal portion of 
ED-B comprising most of this domain; Zardi et al, 1987) and a 
35-kDa fragment (Zardi et al, 1987). Immunoblots indicate 
that CGS-1 and -2 did not bind to plasma FN or its digests but 
did bind to ED-B-rich FN from WI38VA cells and its digests. 
This provides further confirmation of the binding of CGS-1 
and -2 to the ED-B domain. However, whereas CGS-1 bound 
to the 120-kDa fragment but not the 85-kDa fragment, CGS-2 
bound to both fragments (Fig. 2), suggesting that CGS-1 and -2 
recognise different epitopes within the ED-B sequence. 

Antibody fragments CGS-1 and -2 recognise human neoplastic 
tbsues and neovasculature 

CGS-1 and -2 were used to immunolocalise B-FN in various 
human normal and neoplastic tissues, and the pattern of 
staining was compared with that of the MAb BC-l and with 
those of other MAbs able to recognise all of the FN isoforms 
(IST-4) or the ED-B-lacking FN isoform (IST-6). The results 
showed that both CGS-1 and -2 reacted with the same 
histological structures recognised by the MAb BC-l. Indeed 
we observed negative reactions with a number of normal 
human tissues and positive reactions with neoplastic tissues. 
Figure 3 shows that in normal human skin, while a large 
amount of ED-B-lacking FN is present in the derma, neither 
the MAb BC-l nor CGS-1 and -2 showed positive reaction. 

Using MAb BC-l, we have previously shown in invasive 
ductal breast cancers, that B-FN, while having a more re- 
stricted distribution with respect to total FN, was detectable in 
more than 95% of cases (Kaczmarek et al, 1994). As shown in 
Figure 4 total FN has a homogeneous distribution within the 
stroma, whereas CGS-1 and -2, as well as BC-l, showed a more 
restricted distribution. In particular, all 3 antibodies showed 
strong reactions at the border between the neoplastic cells and 
stroma. 

Castellani et al (1994) have reported that MAb BC-l 
recognises the neovasculature in neoplastic as well as in 
normal tissues. We have obtained identical results with both 
CGS-1 and -2. Figure 5 shows serial sections of a glioblastoma 
multiforme with the typical glomerulus-like vascular structures 
stained by BC-l, CGS-1 and -2. All 3 antibodies gave identical 
staining patterns. Furthermore, we have previously shown in 
an exhaustive manner that foetal lung fibroblasts produce 
more B-FN with respect to foetal skin fibroblasts derived from 
the same foetuses (Borsi et al, 1992a). These data were based 
on SI nuclease analysis of RNA as well as on Western blot and - 
immunohistochemical experiments using MAb BC-l. Identical 
results have now been obtained using CGS-1 and -2 (data not 
shown). 

In immunohistochemical experiments CGS-1 and -2 recognise 
mouse and chicken B-FN 

MAb BC-l is strictly human-specific. This is a limitation 
since it does not allow studies on animal models. Since rat and 
human ED-B have an identical primary structure and there is a 
98% homology between human and chicken ED-B (Hynes, 
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1990), we expected that CGS-1 and -2 would be able to react 
with B-FN from these species. In immunohistochemical experi- 
ments, CGS-2 reacted with chicken embryos (data not shown) 
and both CGS-1 and -2 with murine tumours. Figure 5 shows a 
mouse teratocarcinoma stained using CGS-1. It is possible to 
recognise a strong reaction with the vascular structures of the 
neoplasm. In contrast, all of the other normal mouse organs 
tested (liver, spleen, kidney, stomach, small and large intes- 
tine, ovary, uterus, bladder, pancreas, suprarenal glands, 
skeletal muscle, heart, lung, thyroid and brain) gave no 
reaction (data not shown). 

DISCUSSION 

It is difficult to prepare antibodies against highly conserved 
self-antigens by immunisation. This has prompted the use of 
phage antibody technology to isolate antibody fragments such 
as those against the immunoglobulin-binding protein BiP 
(Nissim et al, 1994) and calmodulin (Griffiths et al, 1994). We 
now used this technology to isolate 2 human antibody frag- 
ments (CGS-1 and CGS-2) against the conserved ED-B 
oncofoetal domain of FN, a marker of angiogenesis (Castellani 
etai, 1994). 

The CGS-1 and -2 antibody fragments bound directly to the 
ED-B domain of human B-FN (with affinities of 12 and 2 nM, 
respectively) and recognised all native and recombinant FN 
and FN fragments containing the ED-B sequence, without 
cross-reacting with any of the other type III repeats tested. In 
immunohistochemical studies on human tissues, the 2 antibod- 
ies recognised the same histological structures stained with 
MAb BC1. However, in contrast with MAb BC-1, these 
antibody fragments recognised B-FN of other species (as 
shown for CGS-1 with mouse and CGS-2 with mouse and 
chicken). Despite the similarities in binding specificity of 
CGS-1 and -2 for the ED-B domain, these antibody fragments 
must differ in detailed recognition. Thus, the key loops at the 



centre of the antigen-binding sites (V H -CDR3 and V x CDR3) 
differ in sequence: the CGS-1 epitope appears to be located on 
C-terminal portions of the ED-B domain, whereas the CGS2 
epitope is mainly located on the N-terminal portion (Fig. 2). 
The CGS-2 antibody binds to chicken B-FN, while CGS-1 does 
not. c - X 

These antibody fragments could be valuable for targetting 
human neovasculature in diagnostic imaging or in therapy, } 
serving as building blocks for engineered human antibodies 
(of any desired isotype) or for other engineered fragments 
(Holliger and Winter, 1993). Neovasculature is an attractive 
target for imaging and therapy as the antigens are accessible 
and should be bound rapidly and extracellular matrix antigens 
can be very stable, allowing a long antibody residence time on 
tumours (Riva et al, 1994). The possibility of using a range of 
engineered antibodies should facilitate the development of 
antibody reagents with suitable pharmacokinetics, valency, 
functional affinity and effector functions. As the CGS-1 and -2 
antibody fragments also bind to B-FN of other species, the 
availability of animal models should further facilitate the 
evaluation of engineered antibodies (or fragments) for neovas- 
culature targetting in humans. 
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